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NATIVE AND CONTAMINATED GROUND WATERS
IN THE
LONG BEACH-SANTA ANA AREA, CALIFORNIA

By A. M. PIPER, A. A. GARRETT, and OTHERS

ABSTRACT

In the greater part of the coastal zone of the Long Beach-Santa Ana area,
which includes parts of Los Angeles and Orange Counties, Calif., virtually all
water wells yielded water of excellent quality until the late twenties, but at
that time certain wells near the coast began to yield salty water and subse-
quently a number of wells were abandoned. Native salty waters have existed
west of the Dominguez Gap and south of the Dominguez Hill, beneath the
Long Beach Plain and a narrow zone extending southeast along the coast
nearly to Huntington Beach, and locally in the Irvine tract east of the
Santa Ana River. However, areas of inferior water that existed as of 1945
within the Dominguez Gap west of Long Beach, in the Santa Ana Gap west
of Newport Beach, and on the Huntington Beach Mesa had resulted from
progressive depreciation of water quality during the preceding 15 years.
Available data include about 5,600 comprehensive chemical analyses and
9,000 partial analyses by several agencies.

In downward succession the area contains (1) a body of unconfined water
at shallow depth, which is essentially continuous from the oc=an through
the five gaps between the coastal hills and mesas, and far irland; (2) a
principal body of naturally fresh water which is confined at most places
and which occurs chiefly in the lower division of the Recent alluvium, in
nearly all deposits of Pleistocene age, and in the upper division of the Pico
formation; and (3) a body or bodies of saline connate water. The uncon-
fined water is extensively of inferior quality and locally is grossly con-
taminated. The principal water body is tapped by wells as much as 1,655
ft deep and is the source of nearly all the very large withdrawal of ground
water. Over most of the area its chloride content is from 5 to 40 ppm, hard-
ness from 11 to 300 ppm, and dissolved solids from 160 to 459 ppm. The
connate waters underlie all the area; their salinity ranges from 25 to 100
percent of that of ocean water.

To depths ranging from 250 to 750 ft, the confined waters are largely of
the calcium bicarbonate type, with hardness from 115 to 300 pom. Below,
in the lower part of the San Pedro formation and in the upper division of
the Pico formation the native fresh waters are of the sodium bicarbonate
type, with hardness from 11 to 100 ppm, but commonly no more than 50 ppm.

Native waters of inferior quality are widespread in the unconfined shal-
low body and are of diverse chemical character; those of poorest quality
occur near the coast and are sodium chloride waters whose greatest known
concentration is 160 percent of that of ocean water. Those in the principal

1




2 GROUND WATERS—LONG BEACH-SANTA ANA AREA

confined body include waters high in sulfate content and are common at
moderate depth along the inland margin of the coastal plain. Sodium chloride
and sodium sulfate waters also occur along the coast and locally near the
Palos Verdes Hills and the Newport Mesa. Those near the cozst contain as
much as 18,000 ppm of dissolved solids, but farther inland th=y commonly
contain no more than about 6,250 ppm.

Other than ocean water, the potential saline contaminants ars the connate
waters in the rocks of Tertiary age, oil-field brines and oil-refinery wastes,
and fluid industrial wastes. The connate waters are sodium cl loride brines
ranging about from 10,000 to 39,000 ppm of dissolved solids. They have
been tapped by several thousand oil wells but there is no evidence that they
have moved upward into any fresh-water body.

As oil-field waste, the connate brines formerly were discharged rather
promiscuously onto the land surface—locally in the Dominguez field and
generally in the Long Beach and Huntington Beach fields. As of 1945 they
are still so discharged to some extent in the Huntington Beach field, but
with this exception they now are largely piped to the ocean or to central
disposal works. As of 1945, effluent from such works is discharged into
the San Gabriel River within a mile of the ocean, into the Los Angeles River
about 4 miles inland, and into the Dominguez Channel at s2veral places
throughout its reach. Owing to former promiscuous discharge onto the land
surface, oil-field brines have accumulated locally beneath the flank of the
Dominguez Hill, probably rather extensively beneath the Signal Hill uplift,
and rather widely beneath the Huntington Beach Mesa. Thove accumula-
tions definitely are the source of contaminating brines which have invaded
the fresh water at certain places, and they will remain as potential sources
of contamination almost indefinitely. In the western part of the area, brine-
disposal works which serve the Long Beach oil field coincide with a focal
area of intense contamination in a water body that natively was of ex-
cellent quality.

Industrial wastes of diverse chemical character have been dircharged into
the Los Angeles River at several places, but so far as is known these have
been less concentrated and less voluminous than the oil-field brines. As of
1945, oil-refinery wastes, commonly similar in chemical character to the
oil-field brines, are discharged in part into the Dominguez Channel and
thence to the ocean.

Many of the contaminated waters have been profoundly modified in chem-
ical character after admixture of the contaminant, especially by base-
exchange substitution of calcium and magnesium for sodiurr. Thus, the
slightly contaminated or moderately contaminated waters commonly con-
tain calecium and chloride as their dominant constituents; from their ordinary
constituents it is uswally impossible to discriminate between contamination
by ocean water and that by oil-field brine or connate water. Determinations
of iodide or borate are reported in but few of the available chemical analyses,
and only to that extent aid in discriminating the source of contamination.
It is suggested that these two minor constituents, together with barium,
be determined in future analyses of contaminated waters.

Areas in which the fresh ground water has been contaminated are de-
scribed in detail—the Santa Ana Gap, Huntington Beach Mesa, in and
near the Alamitos Gap, and the northeast part of the Newport Mesa, all
in Orange County; also, the Dominguez Gap, a part of the Torrance Plain,
and the southwest flank of Signal Hill, all in Los Angeles County.



INTRODUCTION 3
INTRODUCTION

GENERAL NATURE OF THE CHEMICAL PROBLENS

Until the late twenties, virtually all water wells in the greater
part of the Long Beach-Santa Ana, California, area yielded water
of good quality and of low or moderate dissolved-solids content.
At that time, however, a few wells in certain parts near the coast
began to yield salty water, and subsequently some wells were
abandoned as the chemical quality of their water depreciated
progressively.

Plate 1 outlines the districts in the coastal zone of the Long
Beach-Santa Ana area in which certain of or all the ground-water
bodies had a chloride content exceeding 50 ppm in 1943-44; that
is, the districts which then contained water with a chloride con-
tent substantially greater than that of the native waters exten-
sively withdrawn for use. These districts include several whose
water had been naturally of inferior quality: most of the area
west of the Dominguez Gap and south of the Dominguez Hill, the
Long Beach Plain and the narrow zone which extends southeast-
ward along the coast nearly to Huntington Beach, and locally
in the Irvine tract east of the Santa Ana River. Hovrever, the
areas of inferior water existing as of 1943-44 within the Domin-
guez Gap west of Long Beach, in the Santa Ana Gap west of
Newport Beach, and on Huntington Beach Mesa had resulted
from progressive depreciation of water quality during the pre-
ceding 15 yrs.

In the middle thirties, as the ground-water head continued to
recede, the depreciation in water quality caused deep concern on
the part of local agencies charged with the conservation of ground-
water supplies in the coastal-plain area. A most critical question
apparently was at issue: Could withdrawals of ground water
for the many considerable requirements of the area be continued
freely and indefinitely without an ultimate substantial increase
in the areas of salt-water contamination along and near the
coast?

This report examines the chemical aspects of that question by:
(1) describing, so far as feasible, the chemical character of the
ground waters native to the area, both those widely utilized and
those of inferior quality; (2) describing the chemical features
of the potential sources of salt-water contamination (the ocean,
native bodies of saline connate water, works for the disposal of
waste fluids from the several oil fields, and the reaches of streams
that carry fluid industrial wastes) ; (3) determining the lateral
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extent of present salt-water contamination in each of the several
water-bearing zones of the area; and (4) evaluating the tend-
ency, if any, for depreciation in water quality to become more
intense or more widespread.

Near the inland edge of the coastal plain, the chemical quality
of waters drawn from wells also has depreciated markedly in
the vicinities of certain oil fields of the Coyote Hills uplift and
in the general vicinity of Huntington Park to the northwest.
Neither the chemical aspects nor the causes of water-quality de-
preciation in these particular areas are treated herein.

SCOPE AND SOURCES OF ANALYTICAL DATA

The chemical character of native waters in and near the Long
Beach-Santa Ana area has been investigated by many workers
and agencies with different objectives. From these investigations
about 6,500 analyses of ground waters—not including those made
by the city of Long Beach—were available to the Geological
Survey for use in the investigation that led to this report. Of
these, about 3,500 analyses include determinations of the three
common acid radicals (bicarbonate, sulfate, and chloride) and
of the two alkaline-earth bases (calcium and magnesium) ; the
rest are much less comprehensive. All these data have been
studied critically but only representative analyses are presented
herein (tables 29, 30); many others are treated generally by
graphic methods. The scope and sources of the analytical data
are briefly given later. Plate 2 shows the location of wells and
other sampling points in the area, both those for whicl analytical
data are given in this report and those to whose analytical data
only general reference is made.

The first evaluation of ground-water quality within the Long
Beach-Santa Ana area was made in connection with the investiga-
tion of water wells in all the coastal plain of southern California
by Mendenhall and others (1905a, b) in 1908—4. In this investiga-
tion the approximate dissolved-solids content of the waters from
several thousand wells was computed from their electrical con-
ductances, corrected to 60° F. These data show in a general
way the range in the quality of waters in the area ss disclosed
by the initial extensive development of the ground-weter bodies,
but before any of those bodies had begun to depreciate in quality.
The data for the Long Beach-Santa Ana area are genaralized on
plate 2 by lines showing equal content of approximate dissolved
solids.

In 1921, analyses of water from four of the public-supply wells
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of the city of Long Beach were made by the Geologicel Survey
and subsequently published (Collins, 1923, pp. 28-29).

From April 1925 through February 1926, the Shell Oil Company
analyzed samples from several hundred producing water wells
in and near the Long Beach-Santa Ana area. The resul*s, which
are the basis of an interpretative paper by Morse (1943, pp.
475-511), have been made available to the Geological Survey for
its study under certain publication restrictions. Of these, 370
analyses are for wells within the area herein studied.

Between March 1931 and April 1933, the Division of Water
Resources in the California Department of Public Works co-
operated with the Bureau of Plant Industry in the United States
Department of Agriculture to investigate the chemical character
of irrigation supplies in all the coastal-plain basins. In that
examination samples for analysis were taken from wells 1 to 2
miles apart over all the coastal plain, and at closer intervals
wherever critical problems of water quality existed. In addition,
supplemental analytical data were compiled from many public
and private agencies. These supplemental data include 544 anal-

TABLE 1.—Scope of data by the California Division of Water Resources on
chemical character of water from wells in the Long Beach-Santa Ana
area, 1931-33 and 1937-39*

Coastal Inland Total
zone zone
Number of wells for whose waters
there are:
Four or more comprehensive analy-
ses __ S 47 21 68
Three or fewer comprehensive
analyses _— 108 262 370
Determinations of chloride, but not
comprehensive analyses ________ 89 72 161
244 355 599
Number of analyses:
Comprehensive ._________________ 433 518 951
Others .. . 526 268 794
959 786 1,745

1The data in the body of this table include the 544 comprehensive analyses anl many other
analyses by agencies other than the California Division of Waler Resources but published
by that agenecy in its Bulletin 40-A.
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yses for 247 wells in the Long Beach-Santa Ana area in the
period from 1918 to 1932. The analyzing agencies, the analytical
results, and conclusions drawn from those results aprear in two
publications (Scofield, 1933; California Dept. Public V’orks, Div.
Water Resources Bull. 40-A, 1933).

Beginning late in 1937, the Division of Water Resources again
analyzed the water from selected wells in the area—from seven
of these wells at intervals of 1 to 4 months. Nearly all the wells
from which samples were taken for this study had been sampled
in the earlier program of 1931-33. The analytical data were made
available to the Geological Survey by the State agency.

Table 1 shows the scope of the analytical data of these two
programs within the area of concern to the Geological Survey,
as of December 1939.

Beginning in July 1932, the Water Department of the city of
Long Beach has made a monthly analysis of a sample from each
of its public-supply wells active at the time; also certain inactive
wells have been sampled occasionally. As of July 1943, analyses
for 31 wells were available to the Geological Survey from this
source—from 1 to 123 analyses for each of the wells. Table 2
shows the scope of this analytical record.

Since 1929 the Los Angeles County Flood Control I'istrict has
made determinations of the bicarbonate and chloride content of
water samples from selected wells ; of these determinations, about
1,800 have been of samples taken about monthly at 10 to 16
selected wells in the western part of the coastal zone. From April
1932 until March 1935 the Water Department of the city of Long
Beach made determinations of the chloride content of water
samples taken monthly at about 80 wells and irregularly at about
40 test holes in and near the Dominguez Gap and in the western
part of the coastal zone. These monthly determinations have been
continued for 40 to 50 of these wells. In all, about 6.000 deter-
minations of chloride have been made by the city.

Beginning in 1930 the Orange County Flood Control District
has analyzed samples from many wells in the eastern part of
the area. Some 457 analyses for 119 wells are kncwn to the
Geological Survey; they generally comprise determinations of
chloride, carbonate, bicarbonate, and electrical conductivity. Four
or more such analyses have been made for each of 47 wells, and
50 wells have been sampled only once by this agency. From this
factual record 370 analyses have been published (California Dept.

Public Works, Div. Water Resources Bull. 40-A, 1933).
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TABLE 2.—Chemical analyses for public-supply wells at Long Beach, by
municipal Water Department, as of July 1943

Geological Number | Duration of analytical
Survey City designation of record embodied in this
well No. analyses report

3/12-31E3 | Bixby Dairy well_______ 1 August 1934,

31G1 | North Long Beach well

B 28 July 1932-July 1937.
32B3 | Funderburk well_______ 7 July 1932-January 1943.
36D1 | North Long Beach well

2 —_ 27 July 1932-March 193T7.

4/12-6K1 North Long Beach well

4 63 Aug. 1934-Dec. 1940.
13D1 | Commission well 4_____ 49 January 1933-May 1942.
13F1 | Commission well 6_____ 80 January 1933-June 1943.
14B1 | Commission well 2_____ 94 August 1931-June 1943.
14C1 | Commission well 5_____ 122 January 1933-July 1943.
14D1 | Commission well 1_____ 122 July 1931-July 1943.
14P1 | Wilson Ranch well 1___ 111 January 193f-July 1943.
15B1 | Commission well 3_____ 101 October 1934-July 1943.
17N1 | Development well 7_____ 98 August 1932-July 1943.
17N2 | Development well 8_____ 71 August 1932-July 1943.
17Q1 | Development well 4_____ 34 July 1932-Dec, 1941.
18R1 | Development well 6_____ 52 August 1932-June 1943.
20C1 | Development well 3_____ 80 August 1932-July 1943.
20G1 | Development well 5_____ 26 August 1932-1940.
21M2 | Citizens well 7_________ 108 July 1932-July 1943.
21M4 | Citizens well 6_________ 123 August 1932-July 1943.
21M5 | Citizens well 5_________ 122 August 1932-July 1943.
24M2 | Wise Ranch well 1_____ 113 August 1932-July 1943.
24M4 | Wise Ranch well 2_____ 92 July 1932-Oc*ober 1942.
28H1 | Alamitos well 9________ 105 July 1932-July 1943.
28H4 | Alamitos well 12_______ 50 July 1932-July 1937.
28H6 | Alamitos well 8________ 91 July 1932-June 1943.
28H7 | Alamitos well 11_______ 81 July 1932-July 1942.
28H9 | Alamitos well 1________ 4 August 1933-March 1938.
28H10 | Alamitos well 7. ____ 1 August 1937.

4/13-1F1 North Long Beach well

8 31 July 1932-April 1935.

23G2 | Silverado Park well 1___ 12 July 1931-Nov. 1933.

NoTE.—In its cooperative program in Los Angeles and Orange Counties,
the Geological Survey has designated wells by numbers or symbols that
indicate the locations according to rectangular land surveys as follows:

For well 5/11-28K1, for example, the first part of the symb~l indicates
the township and range (T. 5 S., R. 11 W., San Bernardino bzse line and
meridian), the digit or two digits following the hyphen indicate the section
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In addition to the extensive records just reviewed, many smaller
lots of critical analytical data have been contributed to the
Geological Survey for study. These include contributicns by the
Los Angeles Department of Water and Power, the Southern
California Water Co., the Corps of Engineers, the Southern
California Edison Co., Ltd., and a number of industrial concerns
which utilize ground-water supplies. Certain of these data were
made available only for purposes of general interpretation, and
are not here cited specifically. An unpublished paper by L. J.
Alexander on the chemical character of well waters on the coastal
plain, was made available to the writers.

(sec. 28), and the letter indicates the 40-acre subdivision of the section as
shown on the accompanying diagram.

D c | B A
E F G H
M L K J
N P Q R

Within each 40-acre tract the wells are numbered serially as indicated
by the final digit or digits of the number. Thus, well 28K1 is in the
NWLSEY sec. 28, and is the first well in that tract to be listed.

This system of numbers is applied to all parts of the coastel plain. In
the small parts of the area that once were public land, the official Federal
land survey is followed. In nearly all the remainder of the area, except
the extensive Irvine tract, the land once was or still is subdivided accord-
ing to extensions of the Federal survey, so that the system applies readily.
For a few small areas land lines are projected because no rectangular survey
has ever existed. In some other areas, as within the city of Long Beach,
the projected lines are shifted slightly to coincide with main roads.

The extensive Irvine tract, the easternmost part of the area, is sub-
divided into blocks, numbered serially from 1 to 185; nearly all these blocks
are rectangular and a mile square. For well I-123R1 in this part of the area,
for example, the initial letter indicates Irvine tract and the digits following
the hyphen indicate the block (mo. 123). The remainder of the number
indicates the location of the well in projected 40-acre subdivisions of the
block corresponding to the 40-acre tracts in the standard sect'on of land.
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Representative analyses of the connate waters that have been
encountered in drilling for and producing oil from beneath the
fresh-water zone in parts of the area have been published by
Morse (1943), Jensen (1934), Lahee and Washburne (1934,
p. 833) and Grizzle (1923). These data have been extensively
supplemented by connate-water analyses made available by sev-
eral oil companies. In particular, the Union Oil Company and
the Tidewater Associated Oil Company granted acces~ to their
data files.

The Geological Survey is deeply grateful to the several con-
tributors of these comprehensive and invaluable analytical data.
Without them, the broad interpretation of ground-water quality
undertaken in this report would have been altogether infeasible.

In connection with its field canvass of water wells in the coastal
zone between December 1940 and July 1941, the Geological Sur-
vey took an initial water sample from each suitable well, In all,
about 900 wells were so sampled, or about half the active or
potentially active water wells. So far as possible these samples
were taken from the discharge pipes of pumping wells or were
dipped from storage tanks into which certain wells were being
pumped intermittently. From some wells which had no pumps
or whose pumps were inactive, samples were bailed or with-
drawn by a portable hand pump from or just below water sur-
face. After this initial examination and into 1943, samples for
partial analysis were taken at intervals of about 3 months from
60 to 100 of these water wells to evaluate possible changes in
the chemical character of the water; in 1944, additional samples
were taken periodically from a few significant wells in Santa Ana
Gap. Still other samples were taken at roughly 3-month inter-
vals in 1941 and 1942 from 62 shallow observation wells con-
structed by the Geological Survey on low land in the coastal zone
to tap unconfined water bodies that overlie the confired bodies
from which water is withdrawn for use.

Certain wells of special interest have been sampled at other
times and by other means. Thus, samples were taken from six
deep observation wells drilled by the Geological Survey at places
critical to the water-supply problems of the area and from sev-
eral exploratory wells bored by Los Angeles County on housing-
project sites. A number of wells have been sampled at successive
depths below the water surface to disclose possible variation in
chemical character of the water with increasing depth. A few
wells were sampled repeatedly during pumping intervals of sev-
eral hours duration, until the character of the water discharged



10 GROUND WATERS—LONG BEACH-SANTA ANA AREA

became essentially constant; this procedure sought to determine
the time-quality relationship existing in those particulav wells.

Samples from streams and sloughs were taken periodically in
the coastal zone of the area and in the inland zone at points
beyond the reach of ocean water with the changes of tide. Be-
cause all the streams except the Los Angeles River are inter-
mittent within the area and flow naturally only during infrequent
periods of storm run-off, the samples so taken show the general
character of industrial wastes and other fluids that are discharged
into the stream channels. Several ponds and brine sumps were
sampled for analogous reasons.

As of December 1944, the Geological Survey had riade 2,306
field analyses of waters in connection with the investigation
covered by this report. Of these, 151 analyses were of samples
from 41 points on streams and from 29 ponds or sumps; 2,155
were of samples from 965 wells. The analytical data are given
in tables 31 to 33. In addition, the Geological Survey has taken
samples for comprehensive analysis from 33 wells, from 2 brine
sumps, and from the ocean on the offshore side of the San Pedro
breakwater; these have been analyzed at the Water Resources
laboratories at Washington, D. C., or at Albuquerque, N. Mex.,
and are incorporated in tables 29 and 30.

RELATIONSHIP BETWEEN CONDUCTIVITY AND DISSOLVED SOLIDS
IN WATERS OF THE AREA

In the preceding exposition of the scope of analytical data, and
elsewhere in this report, reference is made to the arproximate
content of dissolved solids in the ground waters as caleulated from
their electrical conductances by Mendenhall and others (1903-4).
Also, certain illustrations and discussions to be introduced will
involve corresponding calculations from the field eramination
of waters during the investigation here reported.

For the data after Mendenhall, there is no published state-
ment of the coefficient used to convert conduetivity into content
of dissolved solids. The calculated values of the present investiga-
tion have been derived according to plate 3 which shows the
relationship between conductance and the “sum” of dissolved
solids for 25 heretofore unpublished analyses of representative
ground waters from the Long Beach-Santa Ana ar-a by the
Geological Survey, and for 161 published analyses (California
Dept. Public Works, Div. Water Resources Bull., 1933) of ground
waters from that area and its viecinity. In this relaticmship, the
“sum’ of dissolved solids is slightly less than “total dissolved
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solids” as would have been determined by chemical analysis be-
cause it does not include the relatively small amounts of silica,
organic matter, iron, aluminum, some water of crystallization,
and other minor dissolved constituents. These minor constituents
do affect the conductance but, from the 25 comprehensive anal-
vses by the Geological Survey here involved, they would con-
stitute only a small part of the residue on evaporation, or total
dissolved solids. They are here excluded from consideration be-
cause they are not reported in the 161 published analyses.

If plate 3 is entered with the measured values of conductance,
and if corresponding values for the sum of dissolved constituents
are interpolated from the mean curve, the deviation of these
interpolated values from the sum as determined from chemical
analysis is less than 5 percent for 40 percent of the 184 waters,
less than 10 percent for 70 percent of the waters, and greater
than 20 percent for only 4 percent of the waters. All the waters
whose analyses deviate as much as 20 percent from the mean
curve are waters of unusual composition. For conductarce values
(K x 10°) less than 2,000, the deviation is less than 10 percent
for 90 percent of the waters that fall in that range. Thus, for
most natural ground waters of the area, the mean curve shown
on plate 3 can be used with fair assurance to interpolate the sum
of dissolved constituents from the measured conductance.

The mean curve of plate 34 can be expressed pre-isely by
formula (1) and approximately by formula (2) which follow.
Plate 3B yields values for the mean ratio between corductance
and sum of constituents; that is, for the coefficient “C” of formula
(2). Thus, either formula can be used in lieu of interpolating
{from the plate.

S = 0.52 (K x 108) 1027 (1)
S =C (K x109) (2)

In these formulas S = sum of dissolved constituents in parts per
million; K = specific conductance in mho-centimeters; and C =
a coefficient, whose numerical value ranges moderately as shown
by plate 3B.

REGIONAL BODIES OF GROUND WATER

As explained elsewhere (Poland, Piper, and others), in general
there are at least three distinct bodies of ground water in the Long
Beach-Santa Ana area. In downward succession these three are:
(1) a body of semiperched and essentially unconfined water which
occurs in the upper division of the alluvial deposits of Recent age
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and which is essentially continuous from the ocean through the
five gaps between the coastal hills and mesas and far onto the
Downey Plain; (2) a principal body of naturally fresh water
which is confined over most of the area and which oc~urs chiefly
in the lower division of the alluvial deposits of- Recent age, in
nearly all the deposits of Pleistocene age, and in certsin parts of
the underlying Pico formation (upper division) ; and (3) a body
or bodies of saline connate water beneath the principal fresh-
water body throughout the area.

The body of semiperched water supplies only a relatively few
water wells of small capacity. In the several gaps across the
coastal belt of hills and mesas, it occurs only in the upper 20 to
50 ft of the Recent deposits and at many places is separated
from the underlying confined-water zone by relatively imper-
meable beds. As will be explained specifically, the waters of this
body range widely in chemical character. Over much of the
Downey Plain inland from the Newport-Inglewood zone, they are
naturally of the caleium bicarbonate type and suitable for most
ordinary uses, but locally are now deteriorated substantially by
accumulations of irrigation or industrial wastes. Everywhere be-
tween the coast and the general axis of the Newport-Inglewood
zone they are naturally of inferior and nonuniform quality; also,
in certain districts they have become grossly contaminated by
waste fluids from industrial operations. Thus, the semiperched
body locally is a potential source from which the underlying prin-
cipal fresh-water body may become contaminated through wells
inadequately cased in the Recent alluvium.

The principal confined body includes the sources for substan-
tially all the large withdrawal of ground water in the area. It
occupies (1) the lower division of the alluvial deposits of Recent
age, which contain the Gaspur water-bearing zone of the reach
from the Whittier Narrows to Terminal Island, the Talbert
water-bearing zone of the reach from the Santa Ana Canyon to
the Santa Ana Gap, also the so-called 80-foot gravel of Bolsa Gap
and its correlative which reaches from the vicinity of Compton
inland to the Los Angeles Narrows; (2) all deposits of Pleistocene
age, that is, any correlatives of the terrace cover and Palos Verdes
sand that may exist beneath the Downey Plain, but chiefly the
unnamed upper Pleistocene deposits and the underlying: San Pedro
formation in all parts of the area except the very righest seg-
ments of the Newport-Inglewood zone; and (8) a considerable
part of the Pico formation, of upper Pliocene age. ""he base of
this principal water body is as much as 2,600 ft below sea level
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along the crest of the Newport-Inglewood zone but under the
central part of the Downey Plain is as much as 8,000 ft below
land surface. Thus, the total volume of materials occupied by
the body is very large indeed; only its upper part, to cepths as
great as 1,655 ft below land surface, has been tapped by water
wells and its greater part lies below the depths to which it is now
practicable to drill for water.

Over nearly all the area and through their full vertical range
the waters of this principal confined body are fresh or esrsentially
fresh, but of several chemical types as will be explained. How-
ever, in several local areas along the coast—chiefly in the vicinity
of the Palos Verdes Hills, beneath the Long Beach Plein, from
Alamitos Gap to Huntington Beach Mesa, and beneath parts of
Newport Mesa—the waters of the principal confined body are
naturally saline and of connate or diluted-connate orig'n. Also,
in Dominguez and Santa Ana Gaps the native fresh waters of the
body have become strongly contaminated with salines during the
last several decades. Later sections of this report describe the
character of these particular connate waters and of the con-
taminated waters.

The main body of connate water occurs in rocks of Tertiary age
at depth beneath all the area. Its upper boundary is relatively
abrupt; electric logs of oil wells and oil-test holes indicate that
in much of the area there is substantially no zone of transition
from the overlying waters that are essentially fresh, but locally
there is a transition zone several hundred feet thick. As a whole
the containing rocks are largely impermeable and the connate
waters exist in sandy members that are of relatively low per-
meability, that are separated by impermeable members substan-
tially thicker, and that probably are not in free hydraulic con-
tinuity with one another, The salinity of most of these connate
waters ranges about from 25 to 100 percent of that of ocean
water. They are one among several potential contaminants of
the principal fresh-water body, because they are brought to the
land surface in large aggregate volume in connection with the
extraction of petroleum from the several oil fields along the
Newport-Inglewood structural zone.

RANGE IN CHEMICAL CHARACTER OF WATERS FROM WELLS IN
THE AREA

As figure 1 shows, the waters from wells in the area have
ranged extraordinarily in chemical character. This figure in-
cludes one-point plottings of substantially all the analytical data
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Native or blended waters
L ]

Contaminated or
deteriorated waters

Key diagram

Numbers refer to Scale ingicotes percentage of
explanation in text chemical equivalents

FicURE 1.—Chemical character of 894 water samples from 735 wells of the Long
Beach-Santa Ana area, 1925-43. In the key diagram, area 1 spans the plottings
of analyses in which carbonate hardness (‘‘secondary alkalinity’’) exceeds 50
percent of all the dissolved solids, in terms of chemical equivalents; area 2.
those in which earbonate alkali (“primary alkalinity’”) exceeds 50 percent; area 3
those in which noncarbonate hardness (‘“secondary salinity”) exceeds 50 percent:
area 4, those in which noncarbonate alkali (‘“primary salinity”) exceeds 50
percent; area 5, those in which no one of the preceding four characteristics is
as much as 50 percent.
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available. They include native waters, or those whose chemical
character is natural to a particular water-bearing zone and local-
ity; blended waters, or those from wells tapping several zones
from which dissimilar native waters are mingled during with-
drawal; and contaminated waters, or those whose native character
has been modified by the influx, either into the water-bearing
zone or into the well, of contaminants derived from sources either
outside of or within the body of materials tapped by water wells.

The range in chemical character of these waters is remark-
able, considering the relatively small extent of the area. Thus,
the plottings of both native waters and contaminated waters are
dispersed over nearly all the field of the figure, which represents
all possible proportions of the constituents commonly dissolved
in natural waters. In certain of the native waters the dissolved
constituents are almost wholly calcium and magnesium bicar-
bonates; these are characterized by “carbonate hardness.” From
these there are full gradations to soft waters whose dissolved
constituents are very largely sodium and bicarbonate, and to
waters with large noncarbonate, or “permanent,” hardress; also,
from hard and soft waters alike there is an incomplete gradation
to saline waters whose dissolved constituents are largely sodium,
chloride, and sulfate.

In conjunction with plates 1 and 2, the following table 8 affords
a perspective of the problems of water quality by shcwing the
genera] chemical character of native waters, of contaminated or
deteriorated waters, and of potential contaminants by g=ographic
subdivisions of the area. As will be shown, these diverre waters
can be largely segregated into a few native types, of which each
is substantially peculiar to a certain stratigraphic zone and
geographic range.

TABLE 3.—Ranges in general chemical character of native ground waters,
contaminated ground waters, and potential contaminants, as of 1940-43

i Conductance Dissolved
Class of water and subarea C(hl";‘;e H(ard[rllsss (Kx106 solids
PP PP at 25°C) (ppm) !
Native ground waters which are widely
utilized:
Coastal zone west of the Santa Ana
River ... 7-35 11-250 270-600 160-350
Inland zone west of the Los Angeles
River _____ . 20~40 170-285 500-750 300-450
Inland zone between the Los Angeles
and Santa Ana Rivers, excluding the
alluvial cone of the Santa Ana River
above Anaheim._._____.._____.______ 5-35 175-300 350650 210-375
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TABLE 3.—Ranges in general chemical character of mative ground waters,
contaminated ground waters, and potential contaminants, os of 1940-43
—Continued

. Conductarce Dissolved
Class of water and subarea C(hlolrl:‘)ie H(atdrrx]](-\)ss (Kx106 solids
pp pp at 25°C) (ppm) !
Alluvial cone of the Santa Ana River
above Anaheim and inland zone east
of the Santa Ana River, including
the Irvine tragt .. 13-400 15-650 350-1,6% 215-1,200

Contaminated ground waters (greatest
known concentrations):

‘Western part of the coastal zone, in the
QGaspur water-bearing zone of the
Dominguez Gap._._ ... 4,400 3,300 13,000 8,000

Eastern part of the coastal zone, in the
Talbert water-bearing zone of the
Santa Ana Gap..._..._....___.____.__ 5,000 4,500 14,070 8,500

Northern part of Newport Mesa, in
certain shallow zones..._.__._________ 450 1,500 3,500 2,500

Potential contaminants and potential
sources of contamination:

Ocean water. ... 18,700-19,900 6,000-6,600 | 45,000-50,000 | 33,000-35,600
Oilfield brines associated with oil-

bearing zones___._._.____....__....._ 5,000-23,000 350-5,000 | 15,000-60,000 9,500-38,600
Modified oil-field brines and refinery

wastes 2 oo 70-100,000 90-24,000 | 1,000-150,000 580-(?)

Los Angeles River: #

Between Firestone Boulevard and
Wardlow Road (nine sampling
points). ... 65-190 300-385 1,100-1,500 600-900

Between Spring Street and Ana-
heim Street (four sampling

points) ... 500-3,000 300-800 2,000-8,0% 1,200-5,000
Dominguez Channel (three sam-
pling points) ... ... 150-10,000 225-2,200 1,200-25,000 650-18,000

Unconfined shallow ground-water
bodies within the several gaps
through the Newport-Inglewood
uplifts . 18-42,000 130-14,500 340-76,0% 200-70,000

1 Estimated in part from relation between specific conductance and ‘“‘sum’” of dissolved
constituents.

2 Waste fluids in undrained or infrequently drained sumps may be intermittently diluted
by rain or concentrated by evaporation. In most samples from such sources the chloride con-
tent commonly has ranged between 1,000 and 20,000 ppm. The greatest concentration thus
far determined—100,000 ppm or nearly 5l times the concentration of ocean water—results
from extreme concentration by evaporation.

3 Fluid industrial wastes of many kinds enter the river upstream from Wardlow Road;
oil-field brines and oil-refinery wastes enter downstream.

1 Oil-field brines and oil-réfinery wastes, with minor industrial wastes, constitute most of
flow.

5 Salinity and general quality of the water range widely from place to place. In general,
salinity decreases inland and is greatest in certain tideland areas where the shallow ground
water is infrequently replenished from the ocean and is concentrated progressively by
evaporation. '
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CHARACTER, DISTRIBUTION, AND GEOCHEMISTRY OF
NATIVE WATERS

ZONES OF WATER QUALITY

Within the deposits tapped by water wells in the Long Beach-
Santa Ana area there are eight vertical zones or ranges, ten-
tatively discriminated, which are distinct from one another in the
chemical character of their native fresh waters. They ar2 distinct
in the sense that at any particular locality the native water of
each range shows some characteristic difference in chemical
composition from those of other ranges above or below, but not
in the sense that the waters of any one range are of uniform
composition throughout the area. Between certain ranges the
distinction in composition of the waters is striking, but between
others it is only slight. Of these eight ranges, the uppermost
is that occupied by the body of semiperched and essentially un-
confined water described on page 12; seven underlying ranges
span the full thickness of the principal confined-water body which
sustains the large withdrawals of fresh water.

Of the seven ranges in the principal confined-water kody each
seems to coincide with a particular stratigraphic range, notwith-
standing the fact that the strata are substantially deformed into
a relatively broad syncline beneath the Downey and Tustin Plains,
and into a somewhat complex pattern of folds and faul*s within
the Newport-Inglewood belt (Poland, Piper, and others).

Under these conditions the depth to any one range varies
several hundred feet within the area. In succession downward,
the seven ranges of the confined-water body are as follows:

Range 1.—The Gaspur and Talbert water-bearing zores which
constitute the lower division of the deposits of Recent agre, whose
thickness ranges between 40 and 100 ft, and whose l'ases are
from 100 to 150 ft beneath the land surface.

Range 2.—The uppermost Pleistocene deposits (which lie be-
neath all the Downey and Tustin Plains), to a depth placed some-
what arbitrarily at 200 ft below the land surface.

Range 3.—The main body of the unnamed upper Pleistocene
deposits and strata presumably correlative with or in hydraulic
continuity with those beds—deposits which together range in
thickness from a feather edge in several rather extensive parts
of the Newport-Inglewood belt to 1,000 ft or more in the general
vicinity of Santa Ana’and whose base passes into the overlying
200-ft zone commonly along the flank of the Newport-Inglewood
belt but plunges inland to depths inferred to be as much as
1,300 ft below land surface.
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Range 4.—A relatively thin but productive water-bearing zone
which appears to have hydraulic and lithologic continuity beneath
most of the Downey Plain to the west of Huntington Beach and
Buena Park, which is roughly from 125 to 1,000 ft below the
land surface there, and which locally is correlated specifically
with the topmost part of the San Pedro formation.

Range 5.—In the general vicinity of Long Beach and Wilming-
ton, the upper half of two-thirds of the San Pedro formation and
of the Silverado water-bearing zone in that formation; also, else-
where in the area, the range that spans water-bearing zones in
apparent hydraulic or lithologic continuity with this upper part
of the San Pedro. Even though this so-called San Pedro com-
monly is 150 to 550 ft thick between the coast and the inland
flank of the Newport-Inglewood belt, locally it thins to a feather
edge or is absent; its base is 200 to 1,000 ft below land surface.
Inland from the crest of the Newport-Inglewood belt the range
commonly thickens and its base plunges to depths as great as
1,200 ft below land surface in the vicinity of Buena Park; still
farther east its base presumably is even deeper but can not be
determined on the basis of information now available.

Range 6.—The remaining lower part of the San Pedro forma-
tion, which in the general vicinity of Long Beach and Wilming-
ton includes the lower part of the Silverado water-bearing zone
and the underlying basal division of the San Pedro. Data now
available do not define the thickness and depth of this range
throughout the area; extensively in and near the Newport-Ingle-
wood belt, however, it is about 300 to 750 ft thick and the known
depth of its base below land surface is as much as 1,570 ft. Along
the crest of the Newport-Inglewood belt its base is ordinarily
about 475 to 800 ft below land surface, except that at Signal Hill
the depth is as little as 160 ft and that southeast across Newport
Mesa the depth diminishes from some 350 ft to a feather edge
immediately below the land surface. In the deepest part of the
regional syncline that underlies the Downey Plain, about 2 miles
south of Buena Park, the depth to the base of the range is in-
ferred to be about 3,300 ft.

Range 7.—The upper division of the Pico formation which, so
far as is now known, is tapped by only one producing water well
in the area: number 5/11-28K1 in the Bolsa Gap. This lowest
range of the seven contains the deepest fresh waters known to
exist in the area. Its depth and thickness have been described in
the separate report on geologic features (Poland, Piper, and
others).
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As has been implied, strict correlation between there seven
ranges or zones of water quality and the several geologic forma-
tions of the area is possible only for the general vicinity of Long
Beach and Wilmington, for which comprehensive data on fauna
are available. Southeastward into Orange County and throughout
the inland half of the area such data are lacking, and of necessity
the several zones are discriminated wholly on the basis of hy-
draulic or lithologic continuity as suggested by data frcm wells.
Thus, for the Long Beach-Santa Ana area as a whole there is
some overlap in the stratigraphic limits of the several ranges of
water quality as now discriminated. In terms of physical charac-
ter of their component materials, their thickness and horizontal
extent, and their geologic structure the several ranges are de-
scribed more fully in the separate report just cited.

Plate 4 suggests the relative extent and thicknesser of the
several ranges here treated; also, it shows their vertical succes-
sion and the general chemical character of their native waters
(some blended) and of contaminated waters. The plate includes
two vertical sections that extend inland across the area from
Terminal Island and from Santa Ana Gap, respectivelr in the
eastern and western parts of the area.

On plate 4 and elsewhere in the report the general chemical
character of each water is indicated by a binomial symbol written
in the form of a decimal fraction, whose two terms are (1) the
percentage of hardness-causing constituents (calcium and mag-
nesium) among the cations (bases) and (2) the percentage of
bicarbonate (and carbonate, if present) among the anions (acids).
For example, the symbol 64.80 would indicate a water in which
calcium and magnesium amount to 64 percent of all the cations,
in terms of chemical equivalents; also one in which the weak"
acids carbonate and bicarbonate amount to 80 percent of all the
anions, in like terms. Numerically, the first term of the symbol
is the percentage of calcium and magnesium from the following
table 4, and the second term is the percentage of carbonate and
bicarbonate from that table.

The complement of this binomial symbol indicates the percent-
age amounts of nonhardness-causing constituents, or “clkalies,”
among the bases, and of noncarbonate acids. For the exarple just
introduced, the complement is 36.20, which indicates 36 percent
sodium and potassium, and 20 percent sulfate and chloride, in
chemical equivalents.

This decimal-fraction symbol brings out several characteristics
of a water simply but specifically. Thus, the water commonly
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withdrawn from the shallower wells of the area contains chiefly
calcium, magnesium, and bicarbonate; its symbo' approaches
100.100 as a limit. For its fairly common opposite from the
deeper wells, a sodium bicarbonate water, the symbol approaches
0.100 as a limit. The first term of the symbol indicates relative
hardness in percentage of total equivalents. If the second term
exceeds the first, all the hardness is carbonate, or temporary,
hardness; however, if the second term is smaller, some of the
hardness is noncarbonate, or permanent, and the relative amount
of noncarbonate hardness is indicated by the numerical differ-
ence between the two terms. Also, the first term of the symbol
is the percentage complement of the “percent sodium” introduced
by Scofield (1933, pp. 22-23) to measure the effect of a water
on the physical properties of a soil when applied for irrigation.
Thus, if this term is greater than about 50, the phys‘cal condition
of the soil is not likely to be impaired seriously; but if the term
is less than about 40, serious impairment may result.

NATIVE FRESH WATERS OF GOOD CHEMICAL QUALITY
GENERAL CHARACTER OF THE WATERS

Plate 5 shows the chemical character of 30 typical ground
waters from the principal confined body, grouped according to
the seven stratigraphic ranges or zones previously defined and
identified as to geographic location of the source. As this plate
suggests, al] the native confined fresh waters that underlie the
greater part of the Downey Plain (waters from beneath certain
marginal areas excluded) are relatively dilute—dissolved solids
range from 200 to 500 ppm, on the average diminish with in-
‘creasing depth below the land surface to a minimum about at
middepth in the San Pedro formation, and then increase some-
what in the lower part of the San Pedro and the upper division
of the Pico formation. Also, downward into or through the so-
called upper San Pedro most native confined weters contain
calcium and bicarbonate as their two principal constituents, but
at greater depth—in the lower San Pedro and in part of the
upper Pico, at least—the native waters contain sodium and bi-
carbonate almost to the exclusion of other constituents. This
is the outstanding contrast in the chemical quality of the waters
in the area: those containing calcium as their principal base are
relatively hard (generally from 115 to 300 ppm), whereas those
in which sodium is the principal base are exceptionally soft (11
to about 100 ppm, but largely no more than 50 ppm).
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This striking contrast in chemical character of the confined
fresh waters and the smaller contrasts among the seven strati-
graphic ranges are explained specifically in following pages, on
the basis of analyses from 167 key wells selected from the sev-
eral thousand analyses available. Each analysis so s2lected is
believed to be essentially typical of the water native to a single
stratigraphic zone in the locality of its source; togetlher, these
analyses span essentially the full range in chemical character
of the fresh ground-water bodies, so far as that character is now
known. The chemical character of these 167 selected analyses is
shown by the following table 4 in percentage chemical equivalents,
and by table 30 in parts per million. The locations of the source
wells are shown by plates 6 to 9, inclusive.

TABLE 4.—Character of representative native fresh ground waters of good

quality
[See table 30 for descripticn of scurces and for analytical data in parts rer million]
Cations Anions
(percentage equivalents) (percentage equivalents) Range of
perforations
- Dis- in casing or
W:}"&‘;{g‘;" solved Sodium depth of
solids . Mag- and Bicar- : well (fee
(ppm) C’?lé’:‘)‘m nesium | potas- | bonate S(lélglt)e C?é“{;‘}e below land
(Mg) sium | (HCOg ! WY surface)
. (Na+K)

Waters from the unconfined shallow body

{Generally semiperched except locally along the inland flank of the coastal pl:in. Loecation
of sources shown on plate 6]

2/12-13R1____.__ 3272 59.2 22.2 18.6 75.6 15.8 8.6 50
36Q3... 5206 55.8 23.0 21.2 72.6 20.6 6.8 48
3/12-30C1______. 3612 53.4 27.8 18.8 84.4 10.6 5.0 10
33N2__ 3329 45.2 18.0 36.8 75.2 14.0 10.8 17
4/12-22F1 3208 36.6 18.0 454 75.2 12.0 12.8 11
4/13-6J1.. 3308 51.4 14.8 33.8 63.4 24.8 11.8 95
5/10-9P2_ 3483 56.0 27.2 16.8 50.0 29.4 20.6 20
5/11-21P2 389 53.0 19.0 28.0 43.0 22.4 34.6 102
Average. . _ 373 51.4 21.2 27.4 67.4 18.8 1838 |
Minimum_ 272 36.6 14.8 16.8 43.0 12.0 5.0 11
Maximum._ 612 59.2 27.8 45.4 84.4 29.4 34.6 102

Waters from the Gaspur water-bearing zone in the alluvial deposits of Re-ent age, or
range 1, between Whittier Narrows and Dominguez Gap

[Location of sources shown on plate 61

281 62.2 16.8 21.0 83.8 8.4 7.8 200
328 58.8 18.0 23.2 77.0 13.0 10.0 79-141
3 255 54.0 18.4 27.6 80.0 12.4 7.6 106-140
3404 52.6 13.6 33.8 68.6 19.6 11.8 200
3338 52.4 11.4 36.2 61.8 25.6 12.6 161
3449 50.0 17.0 33.0 53.0 28.6 18.4 100-135
3318 23.2 15.6 61.2 66.2 14.4 19.4 111-139
343 55.0 15.8 29.2 70.6 18.0 11.4 |
Minimum._ 255 50.0 114 21.0 53.0 8.4 7.6 79-141
Maximum. 449 62.2 18.4 36.2 83.8 28.6 18.4
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TABLE 4—Character of representative native fresh ground waters of good
quality—Continued

Number Solids Ca Mg Na+K | HCOs S04 C1 Depth

Waters from the Talbert water-bearing zone in the alluvial deposits of Recent age, or
range 1, between Santa Ana Canyon and Santa Ana Gap; also from the “80-foot gravel’”’ in
the alluvial deposits of Bolsa Gap

[Location of sources shown on plate 6]

340 49.8 17.0 33.2 60.4 19.0 20.6 180
3329 53.4 15.6 31.0 62.0 14.2 23.8 128
3353 51.8 19.4 28.8 60.0 20.0 20.0 167
3276 55.6 19.2 25.2 73.2 17.0 9.8 94

344 59.0 10.6 30.4 63.2 208 16.0 200
3301 55.6 17.4 27.0 67.6 18.8 13.6 214
3261 49.6 20.8 29.6 73.4 16.4 10.2 110

339 55.8 18.0 26.2 66.6 20.6 12.8 85-138
3326 56.4 174 26.2 67.2 18.8 14.0 106
3275 47.0 214 31.6 70.2 20.6 9.2 149-163
8 268 53.2 19.4 27.4 77.0 14.0 9.0 80
3280 52.8 194 27.8 68.6 21.8 9.6 80

274 56.6 16.2 27.2 72.8 18.6 8.6 140
3 260 47.4 10.4 42.2 71.0 18.8 10.2 75-108
3238 40.4 17.2 424 76.0 12.8 11.2 98-143

265 48.6 9.6 41.8 78.6 15.4 6.0 161

296 52.0 16.8 31.2 69.2 18.0 128 |-

238 40.4 9.6 25.2 60.0 12.8 6.0 80

353 59.0 21.4 42.4 78.6 218 23.8 214

Waters largely from range 2, the latest Pleistocene deposits not more than about 200 ft
below the land surface

[Location of sources shown on plate 7]

3425 54.8 25.0 20.2 66.2 23.6 10.2 100
287 32.6 14.0 53.4 63.2 22,4 14.4 144
385 59.6 19.0 21.4 72,0 16.4 11.6 135

3277 40.4 18.8 40.8 68.8 15.6 15.6 98

3356 55.6 21.8 22.6 69.6 19.6 10.8 99-131?

3306 53.4 21.2 25.4 75.8 13.8 10.4 123-176
317 57.4 16.8 25.8 74.4 18.4 7.2 40-112

3376 53.8 242 22.0 70.6 15.4 14.0 94-140
248 65.6 16.8 17.6 85.8 9.0 5.2 158
260 66.0 12,6 21.4 88.6 6.8 4.6 250

3254 51.2 21.6 27.2 78.2 10.8 1.0 { ..

3252 40.2 25.6 34.2 78.6 12.6 8.8 84

3285 48.6 17.2 34.2 72.6 16.4 11.0 198
270 45.4 8.6 46.0 71.6 14.4 14.0 138
427 52.2 20.0 27.8 53.4 33.4 13.2 200-218

2366 53.6 20.6 25.8 59.0 23.6 17.4 100-140

3350 53.0 18.4 28.6 68.2 18.4 13.4 163
315 54.4 6.6 39.0 68.2 19.8 12.0 180

3454 51.0 23.8 325.2 49.8 36.6 13.6 200
330 52.0 18.6 29.4 70.4 18.2 114 | ...
248 32.6 6.6 17.6 49.8 6.8 4.6 84
454 66.0 25.6 53.4 £8.6 36.6 174 250

Waters from range 3, the unnamed upper Pleistocene deposits
(Beyond the vicinity of Long Beach and Wilmington, from water-bearing zones that seem
to have essential hydraulic continuity with the unnamed upper Pleistocine. Location of
sources shown on plate 8]

3257 51.8 21.0 27.2 76.2 15.4 8.4 233-430
3283 4.8 18.4 36.8 72.4 12.0 15.6 431-499
3263 57.2 21.6 21.2 83.4 9.0 7.6 356-390

348 49.0 18.2 32.8 61.0 26.6 12,4 220-228

482 49.0 13.4 37.6 56.4 16.2 274 264
3290 60.6 18.0 3214 74.2 14.0 11.8 270
3369 30.8 21.8 47.4 62.4 26.8 10.8 275
3264 4.4 22.8 32.8 75.0 15.8 9.2 271
3298 42.8 25.8 31.4 714 19.2 9.4 360-380
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TABLE 4.—Character of representative native fresh ground waters of good
quality—Continued

Number Solids Ca ‘ Mg 1Na+K HCO;s S04 C1 Depth

Waters from range 3, the unnamed upper: Pleistocene deposits—Continued
[Beyond the vicinity of Long Beach and Wilmington, from water-bearing zones that seem
to have essential hydraulic continuity with the unnamed upper Pleistocene. I.ocation of
sources shown on plate 8]

3/12-6N....__.. 360 52.4 17.8 20.8 68.4 21.6 10.0 300
9L 3975 58.8 204 208 80.0 114 8.6 409-491
333 5838 8.8 324 72.6 108 7.6 250

s 236 58.0 18.4 23.6 85.4 102 a4 167-224

3342 51.6 188 206 60.4 206 10,0 178-195

334 52.4 14.8 32.8 65.0 242 108 350

379 50.0 160 34.0 56.0 292 2138 200-492

455 4.2 220 338 4338 26.4 20.8 200

2504 544 204 25.2 2.4 360 21.6 550

2368 46.0 230 310 554 31.8 12.8 416-702

12 572 16.8 260 54.0 17.0 200 206

s 479 49.6 26.2 2.2 106 304 110 132-430

1430 478 18.4 3338 59.0 176 234 289-455

305 56.4 18.0 25.6 68.6 216 0.8 79

475 60.8 10.0 20.2 6.4 18'6 20.0 200-312

353 52.6 12.4 350 61.0 184 20,6 326-408

3283 53.2 20.2 26.6 67.4 176 15.0 271401

354 50.2 18.6 22.9 63.2 20.6 16.2 579

1970 51.0 2.2 288 72.0 16.8 1.2 105-246

3 264 144 180 376 14 8.0 2006 218-320

1257 478 220 30.2 76.8 16.6 7.6 285

470 512 218 210 460 274 26.6 150

1L 2429 480 246 274 55.8 342 10.0 715
138B3...._.. 373 54.0 17.6 28.4 56.8 274 15.8 {ggjég;
260 56.8 17.2 26.0 74.0 17.4 8.6 475

352 51.0 1938 2.2 58.4 320 0.6 336

280 57.6 16.0 26.4 1.6 18.8 0.6 280-300

2963 52.6 228 24.6 754 156 9.0 145-153

1345 386 24| 410 73.0 15.4 W |

s 456 388 350 | 22 1480 30.8 22 200-318
347 51.0 9.6 29.4 648 210 142 oo

236 30.8 8.8 202 424 80 44 1457153

Maximum. 504 60.8 350 174 85.4 304 20.8 426-907

Waters from range 4, the uppermost part of San Pedro formation
[In the absence of comprehensive faunal information, a water-bearing zone that appears
to have hydraulic and lithologic continuity extensively across the coastal plain is here
taken as the uppermost part of the San Pedro formation. The zone may inclule some of
the lowest members in the unnamed upper Pleistocene deposits. Location of sources shown

on plate 8]

2/12-31M1.__._. 362 51.8 176 306, 602 278 12.0 650
2/13-15N4. 1364 400 228|284 50.2 288 120 531
348 522 | 168  3L0 610 268 122 518-563

236 | 494 158 38| 840 8.6 74 850

338 | 530 22| 8| 32 244 12.4 348

210 | 638 82| 10| 784 144 72 045

2301 452 60| 388| 596 246 158 374

300 | 618 19.0 92| 700 19.2 108 544

340 55.4 74| 22| 666 222 112 575

361 56.2 172|  268| 652 200 148 545-599

271 54.0 164 298| 776 143 76 435-53)

378 54.4 104 1262 77.0 156 T4 382-398

204 | 588 34| 280 728 178 94 850

97| e86| o] 174 87.6 82 42 1,023

23| 638) 168| 196| 8638 72 60 300

13G1...... 235 62.8 038 274 | 896 6.6 38| (i
MCL._.. 283 504 4| 2| 840 8.6 74 240-300
15D1_. 215 45.8 6.6 47.6 84.8 7.2 8.0 256-270
24MI 228 s72| 158| 270|852 74 74 300-318
5/11-21Q3. 2230 | 454 04| 32| 752 146 102 180
2341 1256 26| 22| 22 718 176 108 208-258

26H1 239 54.0 96| 364 768 178 54

6/11-1C1.. 1250 17.0 206| 324 754 142 104 130-182
Average._ - 285 54.8 16.0 29.2 74.6 16.2 9.2 il
Minimum_| 215 15.2 66| 174 502 6.6 38 130-182
Maximum.| 378 | 688| 226| 47.6| 808 288 158 1,023
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TABLE 4.—Character of representative native fresh ground waters of good
quality—Continued

Number Solids Ca Mg Na+K HCO; 804 Cl Depth

Waters from range 5, the uppermost part of San Pedro formation, inland and eastward
beyond the Silverado zone

[In this table the correlations with the upper and lower parts of the San Pedro formation

are only relative; because comprehensive faunal data are lacking, they are based to a large

extent on the apparent lithologic or hydraulic continuity of certain water-bearing zones,

[Location of sources shown on plate 9]

2/12-19C. . 367 76 10.4 33.0 59.2 24.8 16.0 )
3/11-20D.. ... 227 60.2 180 218 828 122 5.0 775
34 . 283 53.4 174 292 73.0 16.0 1.0 1,200
3/12-3M1...]| 3268 56.8 204 228 81.2 10.6 82 608
8F1. _ 208 61.8 188 | 3104 78.0 114 106 578-628
33HI....... 240 54.6 15.2 30.2 83.2 9.6 7.2 778-874
3/13-2B1. ... 154 540 184 276 572 29.6 132 732
20H3 1| s207 1638 19.2 340 68.0 21.8 10.2 669-688
4/11-9K . 319 484 208 30.8 688 204 8.8 1,100
8E2. ) 315 42,0 18| 472 68.2 220 9.8 { e
0EL......| 3294 422 2.2 33.6 60.0 20.2 10.8 553-731
5/10-167_____.... 248 508 134 35.8 72.6 18.6 88 900
2544 .. 224 212 5.6 732 612 26.0 12.8 057
D21 266 1338 212 35.0 70.8 20.8 84 800
5/11-4A1._... 275 534 156 310 748 17.0 82 830-913
0G1.... 304 554 136 310 716 192 9.2
1C2. . 251 5.2 134 274 80.2 12,6 7.2 600-700
6/10-8G1._ .| 3304 44 58 28 76.0 7.8 162 169-286
Average .. 294 520 174 30.6 72.4 180 96 |oem...
Minimums 227 20 108 194 57.2 9.6 50 293618
Maximumé 454 61.8 242 72 83.2 206 16.0 1,200

Waters from range 5, the upper part of the Silverado water-bearing zome in the San Pedro
formation
[Includes a few waters from just beyond the Silverado zone to the east, but similar in
character to those from the zone itself. Location of sources shovwn on plate 9]

3/12-31E3_______ 328 51.6 7.4 41.0 74.6. 10.8 14.6 705-907
4/11-19K2_______ 258 41.6 9.6 48.8 76.8 16.6 6.6 417432
4/12-21M3______ 209 334 6.8 59.8 77.6 8.6 13.8 420
26H1 ... 277 46.8 15.0 38.2 73.0 18.6 8.4 396496
27 3173 45.2 11.0 43.8 82.4 13.4 4.2 228-237
4/13-1F1 __ 316 30.8 4.2 165.0 58.6 25.2 16.2 385-439
15A2.. 3208 23.8 13.8 62.4 76.6 6.2 18.2 830-980
15B3.. 3229 39.6 20.0 840.4 71.6 10.0 18.4 760-780
19J2._. 3224 26.8 18.6 54.6 82.8 1.0 16.2 325
22E1.. 221 26.4 11.2 62.4 81.2 1.6 17.2 415-645
5/12-1D____..___ 261 37.8 10.2 52.0 75.2 17.4 7.4 440
Average.__ 246 36.8 11.6 51.6 75.6 11.6 128 |omemiccecaas
Minimum_ 173 23.8 4.2 38.2 58.6 10 4.2 228-237
“Maximum. 328 51.6 20.0 65.0 82.8 25.2 18.4 830-980

Waters from range 6, the lower part of San Pedro formation, beyond the Silverado water-
bearing zone

[Location of sources shown on plate 9]

2/13-27B1l._.__. 8334 48.8 228 28.4 61.8 27.6 10.6 928-1,600
3/11-6P2.....__. 3461 13.6 10.4 76.0 70.0 3.2 26.8 653-670
17B........ 236 30.6 24 67.0 59.4 13.6 27.0 964
26B1.._.__. 385 13.0 1.6 85.4 59.0 22.8 18.2 695-715
20A .. __ 214 24.2 15.0 60.8 71.8 3.2 25.0 1,200

3/12-8F1...__... 339 47.2 14| 3414 62.0 21.0 17.0 { W rahe
5/10-23L1.__. 2213 70 44 88.6 76.6 14.8 9.6 1,350
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TABLE 4.—Character of representative native fresh ground waters of good
quality—Continued

Number ‘ Solids Ca Mg Na+K HCO; S04 C1 Depth

Waters from range 6, the lower part of San Pedro formation, beyond the Silverado water-
bearing zone—Continued
[Location of sources shown on plate 9]

....... 218 9.4 1.6 89.0 81.8 8.0 10.2 895

- 3210 9.2 5.0 85.8 84.4 4.8 10.8 537

- 254 8.4 1.2 90.4 91.0 |.oaooo 9.0 510

- 3352 5.8 6.8 87.4 924 0 7.6 293-396

- 198 12.6 3.0 84.4 83.4 5.0 11.6 333-416

- 214 8.8 1.4 89.8 89.0 2.8 8.2 600

250 7.8 1.2 91.0 88.0 1.2 10.8 637

3297 11.8 6.2 82.0 92.0 0 8.0 600

3422 3.2 5.2 491.6 85.8 5.8 8.4 420-570

280 11.8 4.6 83.6 80.2 6.2 136 | oo

Minimum?’ 198 3.2 1.2 60.8 59.0 0 7.6 293-396
Maximum? 461 30.6 15.0 91.6 92.4 22.8 27.0 1,350

Waters from range 6, the lower part of the Silverado water-bearing zone
[Location of sources shown on plate 9]

4/12-8L_______._ 244 9.0 3.8 87.2 79.6 [ooooao-_. 204 ...
15B1 - 243 7.8 8 391.4 76.8 0.8 22.4 952-1,010
- 270 11.8 2.0 386.2 72.6 8.4 19.0 395-570

- 3189 11.2 6.0 82.8 79.2 7.2 13.6 400422

- 3207 17.0 0 83.0 80.2 .0 19.8 8084

- 3344 15.8 1.4 1828 60.4 19.4 20.2 720-800
5/11-6A1.._.___ 200 104 3.2 86.4 79.8 12.0 8.2 818-975
Average.__ 242 11.8 24 85.8 75.6 6.8 176 | ..
Minimum._ 189 7.8 0 82.8 60.4 .0 8.2 395-570
Maximum. 344 17.0 6.0 91.4 80.2 19.4 22.4 952-1,010

Waters from range 6, the basal part of the San Pedro formation, beneath the Silverado
water-bearing zone in the southwestern part of the area

[Location of sources shown on plate 9]

271 134 1.2 85.4 79.0 0.4 20.6 972-1,142
302 58 $ 93.6 75.6 4 24.0 1,361-1,6565
275 4.4 .8 94.8 83.4 24 14.2 1,024-1,354
248 8.0 1.8 90.2 84.2 .6 15.2 725962
260 8.8 1.8 89.4 83.8 1.8 144 768-1,148
271 8.0 1.2 90.8 81.2 1.2 17.6 {oncacncacaen
Minimum. 248 4.4 6 85.4 75.6 4 14.2 725-962
Maximum._ 302 134 1.8 9.8 84.2 2.4 24.0 1,361-1,655

Waters from range 7, the upper division of the Pico formation
[Location of sources shown on plate 9]

4/11-19R1_______ 3223 6.8 0.0 393.2 78.2 11.2 10.6 3,275-3,286
5/11~23P_. 316 4.2 1.0 94.8 91.0 1.0 8.0 2,900
5/13-3H_ ... 750 7.6 34 389.0 68.0 8 31.2 1,300

3 Includes carbonate (COs) and borate (BOs) if present.

2 Includes fluoride (F) and nitrate (NOs) if present.

3 Calculated.

4 Analysis of January 28, 1923: approximately of native character (?). Data excluded from
average and extremes.

5 From ‘‘80-foot gravel.”

¢ Analyses 5/10-25A4 and 6/10-8Gl excluded.

7 Analyses 2/13-27B11 and 3/12-8F1 excluded.

® Formational sample obtained while drilling, at depth indicated.
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UNCONFINED WATERS

The native unconfined waters in the area, which occur at and
just below the water table, generally are fresh and of good chem-
ical quality only beneath the inland part of the Downey Plain.
There, these particular waters contain from 275 to 500 ppm of
dissolved solids; in general, their concentration incr-ases south-
ward, that is, toward the coast or in the direction of ground-
water movement. Along the inland flank of the plezin they are
characteristically calcium bicarbonate waters* (table 4 and pl. 6,
wells 2/12-13R1 and 36Q3), but toward the coast they gain gradu-
ally in sodium and in chloride or sulfate and locally some pass
into calcium sodium bicarbonate waters (well 3/12-35N2). These
are the waters believed to be derived by local infiltretion of rain
or by seepage from streams, and that circulate more or less freely
from the inland margin of the Downey Plain toward the coast.
In and beyond the central part of the Downey Plain they pass,
probably fingerwise, into waters of inferior quality that are de-
scribed in another section of this report.

CONFINED WATERS
WATERS IN RANGE 1 (GASPUR AND TALBERT WATER-BEARING ZONES)

The Gaspur and Talbert water-bearing zones and other seg-
ments in the lower division of the alluvial deposits of Recent age
(Poland, Piper, and others), function.as regional ground-water
arteries extending to the coast from Whittier Narrows and Santa
Ana Canyon (see pl. 6). Coastward from their inland forebay
areas and beginning about 4 miles downstream from Whittier
Narrows and in the vicinity of Anaheim and Orange their waters
are rather effectively confined, sustain a large part of the with-
drawals for irrigation and other rural uses, and by inference
are the principal sources of recharge to underlying confined-water
zones with which either of the two is in contact. Thus, as is
brought out later, the chemical character of the waters native
to the Gaspur and Talbert zones influences the character of the
waters native to the underlying and enclosing deposits to depths
locally as great as 1,000 ft beneath the land surface.

From their respective forebay areas about to the inland flank
of the hills and mesas of the Newport-Inglewood belt. (see pl. 6),

1In this report, terms describing the general chemical character of a water are used
in particular senses, as in the following examples: (1) “calcium bicarbnnate’” designates
a water in which calcium amounts to 50 percent or more of the bases ard bicarbonate to
50 percent or more of the acids, in chemical equivalents; (2) “‘sodium calcium bicarbonate’”
designates a water in which sodium and calcium are first and second, respectively, in
order of abundance among the bases but neither amounts to 50 percent of all the bases;
and (3) ‘“‘sodium sulfate bicarbonate’” designates a water in which sulfate and bicarbonate
are first and second in order of abundance among the acids, as above.
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the native waters of the Gaspur and Talbert zones range from
250 to 350 ppm in dissolved solids, and from 175 to 225 ppm
in hardmess. All are calcium bicarbonate waters essentially
identical in chéfmbeal, character with the shallow waters of
the unconfined forebay" ».£8gm_ which, presumatly, they
are derived. They move toward the coast se- freely that they
neither gain nor lose dissolved matter to any great ex‘ent, and
consequently the chemical character of the native water in either
zone does not range widely. In this inland part of the area, the
consequential differences in chemical character are that the water
of the Gaspur contains relatively more bicarbonate (s<e pl. 5,
analyses 3/12-10E1 and 4/10-28N1) and perhaps is somewhat
less concentrated on the average. Thus, the water of the Gaspur
has only carbonate hardness, whereas that of the Talbert has
some noncarbonate hardness at most places. This distinction
applies to waters of underlying zones; that is, only carbonate
hardness within the reach from the forebay area of the Gaspur
about to the Newport-Inglewood belt, but a small proportion of
noncarbonate hardness within the corresponding reach b<low the
forebay area of the Talbert.

These calcium bicarbonate waters of the Gaspur and Talbert
zones are among those classified by Morse (1943, p. 497) as
“normal calcium carbonate water of the artesian strain.”” That of
the Talbert zone is the source of “white’” water in Orange County
(so-called from its contrast with the colored “amber” water from
certain underlying sources, as described on page 39.

Within their reaches across the Newport-Inglewood belt and
onward to the coast, that is, within the Dominguez and Santa
Ana Gaps, the native waters of both the Gaspur zone anc the Tal-
bert zone undergo substantial changes in chemical chara-ter (see
pl. 6 and table 4). Thus, within and near the Dominguez Gap, the
native waters of the Gaspur commonly gain from 25 to 40 per-
cent in dissolved solids, so that concentrations increase to a maxi-
mum of 450 ppm; in order of decreasing amounts, the gain is
largely in sulfate, sodium, chloride, and calcium (pl. 5, analysis
4/13-15A3). Hardness increases as much as a third, and as much
as 25 percent of the hardness is noncarbonate. From data not here
introduced, it is concluded that these changes in the character
of the native Gaspur water within Dominguez Gap largely are
caused by moderately concentrated and relatively hard water
that is native to and enters the Gaspur from its arm which ex-
tends generally northward from Compton into the Los Angeles
Narrows.
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One well which taps the Gaspur zone about a mile inland from
the coast—4/13-35M3, in the southern part of the Dominguez
Gap—apparently yielded in 1923 sodium bicarbonate water with
318 ppm of dissolved solids and 113 parts of-hardness. This water
of 1923 may have been of a charactér Tocally native to the Gaspur,
but data to confirm this tentative conclusion are not available.

Changes in the chemical character of the water netive to the
Talbert zone within the Santa Ana Gap are largely the opposite
of those within the Dominguez Gap. Thus, within 214 miles of
the coast, the native water of the Talbert is of the calcium sodium
bicarbonate type with dissolved solids about 250 ppm and hard-
ness about 140 ppm. Analyses 6/10-8D2, -18C2, and 6/11-12C2
are typical (pls. 5 and 6 and table 4). In comparison with those
farther inland, these native waters in the coastal part of the
Talbert are somewhat less concentrated, are decidedly softer, and
have no noncarbonate hardness. In terms of percentage chemical
equivalents, magnesium and calcium are less but sodium is com-
mensurately greater; and chloride is less but bicarbonate is more.
It is inferred that these changes in chemical character are in-
duced largely by an influx of water from underlying Pleistocene
deposits with which the Talbert zone, at least locally, is in
hydraulic continuity.

Within the Dominguez and Santa Ana Gaps, the waters in
the Gaspur and Talbert zones are (1945) extensively and grossly
contaminated. The present character and origin of these con-
taminated waters is described on pages 92 and 167.

WATERS IN RANGE 2 (UPPERMOST PLEISTOCENE DEPOSITS)

The confined-water zone here called range 2, with its base
arbitrarily placed 200 ft below the land surface, probably occurs
in part within the upper division of the Recent deposits but largely
within undivided upper Pleistocene deposits. In general it does
not yield water freely and so has been tapped extensively by wells
only when a small supply is adequate and where the Gaspur and
Talbert water-bearing zones do not exist, that is, within the
central half of the Downey Plain and in outlying areas to the
northwest and southeast. The distribution of representative wells
on plate 7 is typical. However, range 2 extends continuously
beneath the Gaspur and Talbert alike, where it is from 50 to 100
ft thick and is tapped by a few wells.

The native waters of range 2 are rather diverse ir character,
but the fragmentary data available suggest in that diversity an
areal pattern which is repeated in underlying zones tc a depth as
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great as 1,000 ft below the land surface. That pattern is discussed
on pages 30-31.

For a distance of perhaps 1 or 2 miles beyond the Gaspur and
Talbert water-bearing zones (and presumably beneath those two
zones) calcium bicarbonate waters quite like those of the Gaspur
and Talbert seem to be native in range 2 (uppermost Pleistocene
deposits) across much of the main part of the Downey Plain.
Analyses 3/12-29B, 5/10-15E1, and 5/10-27H are typical (see
pls. 5 and 7). Presumably these particular waters have been
derived from the forebay areas of the Gaspur and Talbert zones
by percolation from those zones into the uppermost Fleistocene
deposits. They would fall largely into Morse’s (1943, pp. 497-499)
“normal calcium carbonate water of the artesian strain.”

Between the two presumed lobes of calcium bicarborate water
whose existence has just been implied, the native waters of range
2 appear to pass irregularly from rather hard and concentrated
calcium bicarbonate water or from relatively soft sodium bicar-
bonate water along the inland edge of the Downey Plain (analyses
2/11-30N6 and 3/11-5Q, respectively) into moderately soft cal-
cium sodium bicarbonate waters beyond the central part of the
plain (analyses 4/11-22H1 and 4/13-12C1). The hard inland
water contains from 400 to 500 ppm of dissolved solids and has
a hardness of 250 to 300 ppm, including from 50 to 75 of non-
carbonate hardness. In comparison with waters native to range 1
(the Gaspur and Talbert zones), it contains from 40 to 60 percent
more dissolved solids and is about 50 percent harder. Presumably
its dissolved constituents have been derived from the enclosing
deposits, and its concentration remains high because the deposits
are not highly permeable and are not in free communication with
the Gaspur zone or the Talbert zone. This hard inlend water
includes a part of that which Morse designates as “normal cal-
cium carbonate water of the nonartesian strain.” The soft inland
water of well 3/11-5Q is believed to be characteristic of its depth
zone in the western part of the Coyote Hills uplift. According
to Morse, this would be of the “modified sodium carbonate water
of the nonartesian strain.” The calcium sodium bicarbonate
waters that are native in range 2 from the central part of the
Downey Plain toward the coast contain from 250 to 300 ppm of
dissolved solids and from 125 to 200 ppm of hardness, of which
all is carbonate hardness. In comparison with native waters of
range 1 (the Gaspur and Talbert zones), these contair from 15
to 25 percent less dissolved solids and from 15 to 40 percent less
hardness. Presumably their chemical character results in part
from natural softening.
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In the outlying northwestern and southeastern parts of the
area, the native waters of range 2 are diverse in character and
commonly are of inferior chemical quality (see pp. 54-55).

WATERS IN RANGE 3 (MAIN PART OF THE UNNAMED UPPER P .EISTOCENE
DEPOSITS)

Although diverse, the chemical character of the wsters native
to range 3 (the main body of the unnamed upper Pleistocene
deposits) seems to fall into an areal pattern which also persists
in certain underlying zones and whose existence in th~ overlying
zone has been inferred. The principal elements of the general
pattern seem to be as follows:

1. In Los Angeles County, a lobe of calecium bicarbonate water
which reaches toward the coast from Whittier Narrows, which
underlies the Gaspur water-bearing zone of the Recent deposits,
but which extends considerably beyond either margin of that zone
(at least beneath the inland half of the Downey Plain). Also,
in Orange County, another but corresponding lobe of calcium
bicarbonate water which underlies the Talbert water-b=aring zone
of the Recent deposits. According to the classification of Morse,
the waters of these two lobes would fall largely into “normal
calcium carbonate water of the artesian strain.”

2. Between the two lobes of calcium bicarbonate water and
roughly beneath Coyote Creek, a corridor within which sodium
calcium and calcium sodium bicarbonate waters grade one into
the other. Also, beyond the western lobe and in the extreme
northwestern part of the area, waters of similar composition.
In the classification of Morse, the softer of these weaters would
be of the “modified sodium carbonate water of the nonartesian
strain.”

3. Beyond the two lobes just described and toward the coast,
a belt within which there is a gradation from calcium bicarbonate
water toward or into sodium bicarbonate water. Here the sodium
bicarbonate water would fall into Morse’s “modified rodium car-
bonate water of the artesian strain.”

4. In Orange County, from the lobe of calcium bicarbonate
water northward into the Coyote Hills, a marginal belt whose
native waters commonly contain both sodium and sulfate as
prominent secondary constituents and are inferred to be of
inferior quality extensively.

5. Also in Orange County, beneath much of the Tustin Plain
and extending eastward to the flank of the Santa Ana Mountains,
another marginal belt containing native waters which also are
diverse, which at one place or another contain sodium, magnesium,
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sulfate, or chloride in relative abundance, and which locally are
of inferior quality (see p. 55).

The native waters of the two marginal belts just described
are among those which Morse groups as “normal calcium car-
bonate water of the nonartesian strain.”

Not all these elements of the general pattern are shown by
the analytical data now available on waters native to range 3.
Some are deduced from data on waters native to ranges 2 and 4.
However, the composite pattern is here advanced tentatively as
the basis for subsequent discussions of the origin and geo-
chemistry of waters in the several ranges that together span the
Pleistocene deposits.

In their lobe in Los Angeles County the calcium bicarbonate
waters native to range 3 contain from 225 to 350 ppm of dissolved
solids and from 150 to 200 ppm of hardness, which ordinarily
is wholly carbonate hardness. In chemical composition all are
very nearly like the native waters of the overlying Gaspur zone.
Typical analytical data are those for wells 2/12-26R5 and 3/13~
23A (pl. 5, tables 4 and 30). So far as is indicated by data now
available, this lobe reaches from Whittier Narrows southwest-
ward and southward at least to the latitude of Comptor or some-
what beyond (pl. 8, wells 3/13-20H1 and 3/12-36G1). In Orange
County the waters of the corresponding lobe contain about 15
percent more dissolved solids, are about 10 percent l'arder on
the average, and nearly all have some noncarbonate hardness.
Those beneath the inland half of the Downey Plain are very
similar in composition to the native waters of the overlying
Talbert zone. Typical analytical data are those for wells 4/9-TP1
and 5/11-17E2 (pl. 5). The lobe seemingly reaches from the
Santa Ana Canyon westward at least to well 4/10-8J1, south-
westward to well 5/11-17E2, and southward through well 4/9-
30N at least to well 5/10-35B (see pl. 8). It affords part of the
so-called white or relatively hard, uncolored water of Orange
County.

Presumably these native calcium bicarbonate waters are of
meteoric origin and are moving rather uniformly toward the
coast from inland areas of replenishment. Tentatively it is in-
ferred that they have been derived largely from the twc regional
ground-water arteries, that is, from the Gaspur anc Talbert
zones and ultimately from the forebay areas of those two zones.

In the corridor between these two lobes of calcium bicarbonate
water in range 3—a corridor which is some 4 miles wide, lies
about half in Los Angeles County and half in Orange County,
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and extends from the Coyote Hills southwestward akout to Los
Alamitos—native sodium calcium bicarbonate waters cceur to the
northeast, at least in part (well 3/11-26D1), but pass southwest-
ward into calcium sodium bicarbonate waters (wells 3/11-32R3
and 4/11-19Q1). Presumably this corridor occupies a belt of
impeded ground-water circulation, whose waters are derived at
least in part from the Coyote Hills and are beyond tl'o effective
reach of any percolate from either the Gaspur zone or the Talbert
zone. In the extreme northwestern part of the area, in the vicinity
of Huntington Park and about midway between the Whittier
Narrows and the Los Angeles Narrows, waters of this character
again occur in range 3. Data for well 2/13-25A2 ave typical.
These waters probably are derived in part from the rocks of the
Repetto Hills and La Merced Hills.

In the marginal areas in Orange County, that is, b=neath the
flank of the Coyote Hills and for 1 or 2 miles southward onto
the Downey Plain, also beneath the greater part of the Tustin
Plain, constituents derived from the older rocks of the adjacent
foothills and highlands dominate the chemical character of waters
locally native to range 3 (the unnamed upper Pleistocene de-
posits). North of Santa Ana the constituents so derived are
largely sodium and sulfate; locally in the vicinities of Santa Ana
and Irvine to the south, the constituents from adjacent older
rocks are sodium and chloride. Thus, beneath these marginal
parts of the area the native waters of range 3 are diverse in-
concentration and composition, and extensively are somewhat’
inferior in chemical quality. Those of usable quality inelude cal-:
cium bicarbonate sulfate water (analysis 4/9-21J1); calcium’
magnesium bicarbonate sulfate water (analysis I-8€N1); and
calcium sodium bicarbonate water (analyses 3/9-32J1 and 4/9-
27E1). Presumably these intervene between the lobe of calcium
bicarbonate water already described and the more concentrated
waters of inferior quality that locally are fairly extensive beneath
the margin of the Downey Plain. However, available data are
not competent to indicate whether usable waters occur as fingers
between bodies of inferior water on either side or whether they
exist generally at some particular stratigraphic zone. .

WATERS IN RANGE 4 (UPPERMOST PART OF THE SAN PEDRO FORMATION)

As here defined, range 4 is a relatively thin but productive
wa’ter—bearing zone that appears to have hydraulic and lithologic
continuity extensively across the coastal plain in Lcs Angeles
County and eastward into Orange County about to the boundary
between Rs. 10 and 11 W. In Dominguez Hill and other parts
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of the Newport-Inglewood belt in Los Angeles County, faunal
information identifies this range strictly with the topmost part
of the San Pedro formation. Farther inland, however, faunal
information is not available and for that part of the area the
range is ascribed to the topmost San Pedro wholly for conveni-
ence in description.

The analytical data available for the native waters of this
range conform to the general areal pattern of water quality pre-
viously set forth, although they are too fragmentary to establish
the pattern by themselves. Thus, in a presumed lobe of calcium
bicarbonate waters in Los Angeles County, dissolved solids range
from 350 to 225 ppm and in general decrease toward the coast;
also, hardness ranges from 225 to 150 ppm, decreases coastward,
and ordinarily is wholly of the bicarbonate type. In comparison
with calcium bicarbonate waters of overlying range 3 (unnamed
upper Pleistocene deposits) and range 1 (Gaspur water-bearing
zone), these differ chiefly in containing slightly less dissolved
solids on the average. The coastward reach of these waters is
rather sharply defined and extends beyond that knovn for the
overlying range 3. Thus, they extend to well 3/12-31E and to
wells 4/12-4J and -24M1, but not to well 4/12-15D1. Plates
5 and 8 and tables 4 and 30 cover representative analytical data.

In Orange County only the western and southern fringes of
the lobe of calcium bicarbonate waters are covered by available
data—the reach is to wells 4/11-1P1, -29L2, and 5/11-23A1,
but not to wells 5/11-21Q3 and —26H1. Here the waters contain
from 375 to 250 ppm of dissolved solids; their hardness is from
150 to 225 ppm as in Los Angeles County, but characteristically
and commonly is noncarbonate hardness in small part.

Toward the coast, the native calcium bicarbonate waters of
range 4 (the topmost San Pedro) pass fingerwise into calcium
sodium bicarbonate or sodium calcium bicarbonate waters. These
are the least concentrated and the softest waters of this particular
stratigraphic zone. An extreme is the water of well 4/12-15D1,
with 215 ppm of dissolved solids and 98 parts of carbonate hard-
ness. Water from well 6/11-1C1 is typical. These waters pre-
sumably have resulted from partial natural softening of calcium
bicarbonate waters such as exist farther inland, a process ex-
plained more fully under the following description of native fresh
waters in range 5.

WATERS IN RANGE 5 (UPPER PART OF THE SAN PEDRO FORMATION)

Calcium bicarbonate waters in Los Angeles County.—In the
stratigraphic range herein designated for convenience as range 5
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(the upper part of the San Pedro formation), the areal pattern
of water quality and the geochemical relations between the several
elements of that pattern are shown more clearly by available
data than are those of any other water-quality range of the area.
Thus, the inferred lobe of calcium bicarbonate waters in Los
Angeles County reaches nearly as far and locally farther from
Whittier Narrows than in the overlying two ranges—snecifically,
about to well 3/12-31E3 near Compton and to well 3/11-34P
near Buena Park (pl. 9). In this lobe the waters range from 325
to 225 ppm of dissolved solids and from 200 to 150 ppr of hard-
ness; both total solids and hardness seem to decrease radially
from Whittier Narrows. Analysis for well 3/12-8F1 on plate
5 is typical. Here the lobe occurs on the north flank and along
the axis of a broad syncline that plunges gradually southeast-
ward; thus, in wells in T. 3 S., Rs. 11 to 13 W. it is commonly
tapped between 500 and 1,000 ft beneath the land surface. North-
eastward toward the Whittier Narrows and beneath tke flank of
the Coyote Hills the lobe presumably occurs at less depth.

Calcium bicarbonate waters in Orange County.—In Orange
County, native calcium bicarbonate waters in range 5 have been
tapped by a few wells west of Santa Ana, as in Nos. 5/11-4A1,
-9G1, and -14C2. There the zone yielding these waters is from
600 to 900 ft beneath the land surface, and near midheight on
the south flank of the regional syncline that underlies the Downey
Plain. To the north and east this water-yielding zone is below
the reach of existing water wells, so that data about its extent
and depth are lacking. However, from the areal patterr of water
quality in overlying ranges it would seem that a lobe ¢f calcium
bicarbonate waters extends westward and southwestward from
the Santa Ana Canyon, with an outer margin about 4 miles east
of Coyote Creek, from 3 to 8 miles inland from the coast, and
roughly along the eastern edge of the Downey Plain from Santa
Ana northward.

Waters of intermediate composition.—Between and beyond
these two lobes (in a corridor that extends southwestward from
Buena Park to Los Alamitos in the extreme northwestern part
of the area, also in a frontal belt that reaches about to the inland
flank of the hills and mesas of the Newport-Inglewood zone from
Dominguez Hill southeastward at least to the vicinity of Landing
Hill) the native calcium bicarbonate waters pass intn calcium
sodium bicarbonate or sodium calcium bicarbonate waters. Typi-
cal analytical data are those for wells 2/12-19C near Huntington
Park, 3/13-22H3 near Compton, 4/11-2K and —-10E1 near Buena
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Park, and 4/12-27K1 near the inland flank of the Signal Hill
uplift. Dissolved solids are from 375 to 175 ppm; hardness is
between 200 and 85 ppm, decreases toward the coast, and is
wholly of the bicarbonate variety except in the marginal area
near Huntington Park.

In the corridor that extends southwestward from near Buena
Park, these particular native waters are from 1,000 to 400 ft
beneath the land surface, the depths to the principal water-yield-
ing zones decreasing toward Los Alamitos. In the frortal belt,
which lies on the south flank of the regional syncline and spans
some of the intensely deformed elements of the Newport-Ingle-
wood structural zone, the depths to principal aquifers varv rather
widely and seemingly are erratic. For example, in well 3/13—
22H3 near Compton, the principal aquifer is about 675 ft beneath
the land surface; in well 3/12-31E3 at the head of the Dcminguez
Gap, about 700 to 900 ft; and in well 4/12-27K1 on the flank
of the Signal Hill uplift, about 225 ft.

Southeastward in Orange County beyond Landing Hill, calcium
sodium bicarbonate water is known to occur in range £ only in
the vicinity of well 5/10-26D2, which is about midway between
the Santa Ana River and the western margin of the Tustin Plain.
There, the aquifers known to contain this native water are
roughly from 800 to 1,000 ft below land surface. Elsewhere
across the front of the presumed lobe of calcium bicarbonate
waters in Orange County, the upper San Pedro probably is not
continuous and an unbroken frontal belt of caleium sodium bicar-
bonate waters in range 5 is not known to exist.

Sodium bicarbonate waters in Los Angeles County.—The cal-
cium bicarbonate and calcium sodium bicarbonate weters de-
scribed in the preceding paragraphs occupy a stratigraplic range
which seems to be in hydraulic and lithologic continuity with
the upper half or upper two-thirds of the Silverado water-bearing
zone in the San Pedro formation, whose extent as now known
is shown on plate 9 and whose physical character and geologic
structure have been described it the separate report on geologic
features of the area, previously cited. Within most of its reach
in Los Angeles County—specifically, in all except its northern
fringe that lies inland beyond the hills of the Newport-Inglewood
belt, and except for local bodies of connate water deseribed in
another part of this report—this upper part of the Silverado
water-bearing zone is characterized by sodium bicarbonate water.
The content of dissolved solids ranges from 325 to 270 ppm;
hardness, which is wholly bicarbonate hardness, ranges from 65
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to 100 ppm. Between these general limits, the char~cter of the
water seems to vary according to both depth within the Silverado
zone and distance from the inland edge of the zone. Typical
analytical data are those for wells 4/13-1F1 and -22E1, 4/12-
21M3, and 5/12-1D (see pls. 4, 5, and 9; tables 4 and 30).
As here treated, the upper part of the Silverado zone generally
is not more than about 250 ft thick but, according to geologic
structure, its top is as little as 200 ft below land surface on
the flanks of the Dominguez anticline and of the Signgsl Hill uplift
but is as much as 750 ft below land surface in the syncline to
the southeast, as in well 4/13-15A2,

Sodium bicarbonate water in Orange County.—In range 5 of
Orange County, native sodium bicarbonate water exists locally
beneath the northeastern part of the Santa Ana Gap, as in well
6/10-8G1 between 169 and 268 ft beneath the land surface, but
within a mile or two to the east and to the south the same strati-
graphic range includes chloride waters of connate origin, which
will be described. Several miles to the northeast, well 5/10-25A4
encountered native sodium bicarbonate water presumably, at
least in part, from range 5. Waters of this character are quite
likely to be or to have been native in the particular s*ratigraphic
range within a mile or two of the coast elsewhere in Orange
County, although there is no information to confirm this.

Geochemical relations.—Throughout range 5 there appears to
be substantial hydraulic continuity (1) beneath all the Downey
Plain and probably a considerable part of the Tustin Plain; (2)
beneath the hills and mesas of the Newport-Inglewood belt,
except the highest parts of Dominguez Hill and of Signal Hill
where the range is above water level, also the southern part of
Newport Mesa where the Pleistocene wedges out by overlap on
impermeable Miocene rocks; and (3) rather extensively beyond
the Downey Plain to the north, beneath the frontal aprons and
southern flanks of the Repetto, Puente, and Coyote I¥ills. From
the coast inland to the present crest of the Newport-Inglewood
zone and from 1 to 5 miles beyond, the strata of this range
were deposited in successive shallow-marine, littoral. and beach
environments. In much of that coastal part of the area, therefore,
the strata were saturated first with ocean water. {'till farther
inland, to and beyond the present Repetto and Puente Hills, the
strata of the San Pedro were deposited on an extensive coastal
plain in successive lagoonal and river-flood-plain environments.
Only in that inland part of the area could the strata of range 5
have been saturated first with fresh water derived frcm the land.
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However, as just shown, the native waters of range 5 cvrrently
vary from the calcium bicarbonate type in certain inland lobes
to the sodium bicarbonate type along the coast. As to the origin
of these native waters, it is concluded that: (1) the saline connate
water initially in the coastal part of the area was displaced by
fresh water from the land, and was not removed by progressive
dilution; (2) this displacement had been largely accomplished
before the latest substantial deformation in the Newport-Ingle-
wood zone in post-Palos Verdes time, and so before present
“barrier” features had been developed; (3) by reaction with base-
exchange media in the water-bearing materials, the sodiur bicar-
bonate water now native has been produced by natural scftening
of the land-derived water (presumably a calcium bicarbonate
water) by which the saline connate water was displaced; and
(4) the sodium bicarbonate water is currently in chemic~l equi-
librium with its containing materials, whose capacity for soften-
ing by base exchange cannot have been exhausted.

In this report it is concluded further that the waters native to
range 5 are generally in continuous movement across the area
toward the coast, and specifically that:

1. The two inland lobes of calcium bicarbonate water occupy
the reaches into which—probably in relatively late geologic time
and currently from the two forebay areas below the Whittier
Narrows and the Santa Ana Canyon—water derived from the
land has moved in sufficient volume to have exhausted the soften-
ing capacity of any base-exchange media.

2. In the belt that intervenes between these two lobes, in the
area to the northwest near Huntington Park, and possibly else-
where beneath the inland margin of the Downey and Tustin
Plains the calcium sodium bicarbonate waters currently native
are beyond the reach of the most vigorous ground-water move-
ment at this time, probably once were much more extensive in
the inland part of the area, and probably are somewhat similar
in composition to the waters which first displaced saline connate
water from the area of marine environment in San Pedro time.

3. The frontal belt of waters of intermediate comvosition
occupies the reach into which land-derived water recently has
moved only in such volume that the base-exchange media still
may retain some small residual capacity for softening.

4. The coastal belt of sodium bicarbonate waters has not yet
been reached by a substantial volume of land-derived water dur-
ing the present hydrologic cycle, and those waters are a residual
part of the waters formerly softened by base exchange and not
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yet displaced from the area. On plate 5, analysis 3/12-8F1 would
be typical of the unsoftened land-derived water, 4/11-2K of
waters in the corridor not being flushed by land-derived water,
5/10-16J of slightly softened waters along the margins of the
two calcium bicarbonate lobes, and 4/13-22E1 of substantially
softened water.

These theoretical considerations lead to the conclusions that
under natural conditions the two lobes of calcium bicarbonate
water would extend themselves toward the coast and toward one
another, and that the sodium bicarbonate waters would be dis-
placed farther and farther toward the coast. Under the artificial
condition of heavy withdrawal from range 5, especially from the
upper part of the Silverado water-bearing zone ir the south-
western part of the area, coastward displacement of the sodium
bicarbonate water would be accelerated. Thus, both the natural
and artificial trends are toward increasing hardness cf the waters
near the coast, although this change doubtless is very slow in
terms of years and, as shown by the composition of the water
withdrawn from an individual well, probably would be appreci-
able only over several years or several tens of years.

WATERS IN RANGE 6 (LOWER PART OF THE SAN PEDRQ FOEMATION)

Throughout that part of the area in which water wells reach
range 6 (the lower part of the San Pedro formation or its
approximate equivalent), that is, extensively in Los Angeles
County, but in Orange County only from 4 to 8 miles inland
from the coast (see pl. 9), the native fresh waters of that strati-
graphic range differ strongly in composition frcm those of
range 5 or of any overlying range. Characteristically they contain
relatively much more sodium and, on the average, a little more
bicarbonate; hence they are very soft. Native calcium bicar-
bonate waters are unknown; calcium sodium bicarbonate waters
are known only from the northwestern part of the area (well
2/13-27B11 and the deeper zone reached by well 3/12-8F1, table
4 and pl. 9). There, these waters of intermediate composition
may occupy a lobe that reaches from the Whittier Narrows to
and somewhat beyond the junction of the Rio Hordo with the
Los Angeles River, but that is much less extensive than the
overlying lobe of calcium bicarbonate waters in ronge 5 (the
upper San Pedro). Elsewhere in those parts of the area for
which analytical data are available, range 6 contains only sodium
bicarbonate waters, except certain local bodies of ssline connate
water. (See pp. 57-59.)
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Among the native sodium bicarbonate waters of range 6 in
Los Angeles County, concentrations range from 450 to 200 ppm
of dissolved solids, and hardness from 190 to 15 parts. Char-
acteristically, these sodium bicarbonate waters have a slight or
distinct “amber” coloration, seemingly due to a small content
of organic matter in colloidal suspension. They constitute Morse’s
“modified sodium carbonate water of the artesian str~in” (1943,
pp. 497-498). In general both the concentration and hardness
of these waters decrease toward the coast, though somewhat
erratically. Beneath the hills of the Newport-Inglewond belt and
onward to the coast, that is, in the lower part of the Silverado
water-bearing zone, dissolved solids are from 350 to 190 ppm,
and hardness from 35 to 15 ppm (see pl. 5, analysis 4/12-15B1).
Wells reach these waters from 650 to 1,200 ft beneath the land
surface along and near the flank of the Coyote Hills, and from
400 to 1,000 ft beneath the land surface within the area of the
Silverado zone.

In a local area immediately north of Signal Hill, a few wells
draw water from a basal part of the San Pedro formation that
underlies the Silverado water-bearing zone and that is from 725
to 1,655 ft beneath the land surface (table 4, pl. 9). All these
yvield sodium bicarbonate (amber) water with dissc'ved solids
from 250 to 300 ppm and hardness from 10 to 30 ppm. This
water is essentially identical in composition with the least con-
centrated and softest of the waters native to the Silverado water-
bearing zone. Analyses 4/12-6K1 and -14P1 are representative
(pl. 5 and table 4). The extent of sodium bicarbonate waters
in this particular stratigraphic range is not known beyond the
small local area.

Eastward into Orange County, sodium bicarbonate waters in
range 6 are known within a belt extending about 4 miles inland
from the coast and from Landing Hill to and across ITuntington
Beach Mesa. Characteristically, these waters of Orarge County
have an “amber” coloration, analogous to that of waters from
the same stratigraphic range in Los Angeles County. Dissolved
solids are from 200 to 400 ppm and hardness from 20 to 50 ppm.
Wells tap the zone from 300 to 900 ft below land surface. South-
eastward along the coast, across the Santa Ana Gar and onto
the southern part of Newport Mesa, the so-called lower San
Pedro wedges out and range 6 is not known to be tapped by
water wells. To the northeast, however, it again yields sodium
bicarbonate water from beneath the northernmost part of New-
port Mesa and for at least 3 miles northward toward 'anta Ana.
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In this local area dissolved solids range from 200 to 425 ppm
and hardness from 20 to 35 ppm; both seem to decrease away
from the San Joaquin Hills. Well depths are from 400 to 1,350
ft and increase northward. Data for wells 5/10-23L1, ¢/10-3H2,
and I-6G1 are typical.

As has been stated, the soft, sodium bicarbonate weters here
described and less characteristically those in range 5 previously
described, are faintly or distinctly colored “amber” or “red”,
seemingly because of a small content of organic matter in col-
loidal suspension. It is presumed that this organic matter is
derived from peat or carbonaceous substances in the parts of
the San Pedro formation deposited in a lagoonal environment.
Also, because this organic coloration is an almost invariable
characteristic of those natural sodium bicarbonate waters whose
hardness is less than about 50 ppm, it is suggested that such
peat or carbonaceous substances may contain the base-exchange
media of the highest potential for natural softening of any waters
they contact.

The authors consider the waters of range 6 (lower San Pedro)
to be analogous in origin and geochemistry to those of range 5
(upper San Pedro). If this is correct, it may be concluded that
in late geologic time little or no land-derived water has reached
or now is reaching range 6 from the two forebay arecas below
the Whittier Narrows and the Santa Ana Canyon. Also, that
ground-water movement is much less vigorous than in range 5,
and that little or none of the water first softened by base exchange
has been displaced from the area. In other words, the areal water-
quality pattern so strikingly developed in the overlying ranges
extends downward only through range 5.

WATERS IN RANGE 7 (UPPER DIVISION OF THE PICO FORMATION)

Three wells have afforded analytical data on the chemical
character of native water in range 7 (the upper division of the
Pico formation) at widely separated places in the coastal half
of the area. These are well 5/13-3H just east of Terminal Island,
well 4/11-19R1 near Los Alamitos and about 5 miles from the
coast and opposite Alamitos Gap, and well 5/11-23P at the
northwest tip of Huntington Beach Mesa. Analytical data are
given in tables 4 and 30, and locations are shown on plate 9.
(See pl. 5 also.) Wells 19R1 and 23P tap sodium bicarbonate
water in the upper Pico, very similar in chemical composition
to that of range 6. The well near Terminal Island clso taps
sodium bicarbonate water but, among the native fresl* waters
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of the area, it is relatively high in dissolved solids (750 parts) and
in choloride (130 parts).

The data here summarized suggest that range 7, at depths
greater than are now commonly reached by water wells, contains
water of a chemical quality suited to many ordinary uses. At
least some of the water seems not to be inferior to that which
is now withdrawn from the deepest public-supply wells of the
area.

BLENDED WATERS FROM WELLS

Many of the water wells in the area have casings perforated
opposite two or more water-bearing zones, or have gravel envel-
opes surrounding the full length of their casings. A well of
either of these types effectively taps all the water bodies pene-
trated and, when pumped, commonly blends the different chemical
characters of those bodies. Thus, if the well has been pumped
at a constant rate for a considerable time the several waters
tend to blend in a fixed proportion, which depends largely on
the physical characteristics of the several water-bearing: materials
and on the relative reductions in their pressure heads by pump-
ing. If the static heads differ considerably, the proportions of
" blending and the chemical character of the blend may change
appreciably with every change in the rate of withdrawal.

If the pump in such a well is shut down and stands idle for
a time, water from the zone of greatest head circulates through
the well into the zone or zones of lesser heads. Thus, the water
in the bore of a well may become distinctly stratified in chemical
character. When pumping is resumed, the first water discharged
is that which was trapped in the pump column and is like that
being discharged when pumping was stopped. As pumping is
continued, the next water to be discharged is usually of a char-
acter peculiar to one or another of the permeable zones tapped,
depending on the position of the pump intake in relation to the
pattern of water stratification in the bore of the well. This water
may or may not be from the zone of greatest head. Then,
when pumping is continued still longer, water from the zome
of greatest head which has accumulated in zones of lesser head
is gradually withdrawn, and the well discharges a blend of
relatively stable proportions drawn from all the zones supplying
the well.

A striking example of variation in the chemical character of
water withdrawn from a well whose casing is perforated in
more than one water-bearing zone is afforded by the analytical
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record for public-supply well 4/12-20C1 (city of Long Beach,
Development well 3), which is shown graphically by figure 2 and
which is summarized in table 30. This well is 752 ft deep and
its casing is perforated in three water-bearing zones-—from 153
to 190 ft below the land surface, probably in the topmost part
of the San Pedro formation (range 4); from 286 to 300 and
from 315 to 330 ft, in the upper part of the Silverado water-
bearing zone of the San Pedro formation (range 5); and from
390 to 602 ft, in the central and lower parts of the Silverado
zone (ranges 5 and 6). These three water-bearing zones contain
native waters of distinctive chemical quality—representative

FIGURE 2.—Analyses of 82 samples from well 4/12-20C1 (city of
Long Beach, Development well 8) in 1932-43, in relation to
native waters in its vieinity. A, Native water from upper-
most part of San Pedro formation, in well 4/12-15D1, range
4; B, native water from upper part of Silverado water-
bearing zone in San Pedro formation, in well 4/12-21M3
range 6; C, native water from lower part of Silverado zone,
in well 4/12-1TN1, range 6. (After analyses by city of Long
Beach, Chemical and Physical Testing Laboratory.)
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analyses of the vicinity are for wells 4/12-15D1 for the top-
most San Pedro, 4/12-21M3 for the upper part of the Silverado
zone, and 4/12-17N1 for the lower part of the Silverado zone (see
fig. 2, also tables 4 and 30).

Figure 3 shows changes in the chemical character of the water
drawn from this well in September 1943, after its pump had
been shut down throughout August. As the figure shows, both
the chemical character and the temperature continued tc change
throughout the 9-hr interval of pumping on September 1, and
had become only approximately stable when the pump vras shut
down over night; also, hardness changed substantially between
September 7 and 13.

These data indicate that: the very first water discharged after
the shut-down was approximately of the character native in the
zone of the shallowest perforations, or in the topmost San Pedro;
the character of the water discharged from the fiftk to the
twentieth minute of elapsed pumping time was very near that
of the analyses which on figure 2 plot high and to the left, and
that water was substantially a blend of waters native to the
topmost San Pedro and to the upper part of the Silverado water-
bearing zone; and the chemical character of the water discharged
after intermittent pumping for 13 days was about that of water
native to the lower part of the Silverado zone, and ver:r nearly
that of the analyses which oh figure 2 plot low and to the right.
In other words, although the well has 76 percent of its perforated
casing in the middle and lower parts of the Silverado zone, the
soft water native to that zone was not dominant in the discharge
until after some 60 to 80 hr of pumping. Under such conditions,
a single random sample could be a most misleading indicator of
the chemical character of the water native in the principal zone
tapped by the well.

Obviously, the significance of the analysis of a single sample
of well water depends to a considerable degree on the antecedent
pumping, and because pumping history commonly is not known,
much of the analytical information available for the Long Beach-
Santa Ana area is useless for determining the chemical character
of native waters. Especially so are the data from the coastal
half of the area in which wells of moderate depth may pass
through several of the water-quality ranges. )

Although the foregoing example of variable chemical ¢-aracter
involved only native fresh waters all of good but of different
qualities, its principles apply equally to wells in which one of
the waters is an invading contaminant. Thus, if a well passes
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through a zone of contaminated water and its casing there is
defective, or if one or more of its water-yielding zones is con-
taminated close at hand, the chemical character of the water
discharged under intermittent pumping can vary w'dely and
even obscurely. Examples of this sort are given in the subsequent
discussion of contaminated waters.

PROGRESSIVE CHANGES IN CHARACTER OF WELL EFFLUENT, OWING
TO MIGRATION OF WATERS BEYOND THEIR NATIVE ZONES

The analytical record for public-supply well 4/12-21M2 (city
of Long Beach, Citizens well 7) illustrates a seemingly anomalous
range in the chemical quality of its effluent—anomalous because
under the most continuous and heaviest draft the quality of
the effluent has been unlike that native to the stratigraphic range
of its perforated casing. It is concluded (reasons will be given
later) that this range in quality results from the migration of
a substantial quantity of water beyond its native zone of occur-
rence.

This well is 1,105 ft deep and its casing is perforated dis-
continuously from 725 to 962 ft below the land surface, or
wholly in the basal division of the San Pedro formaticn (lower
part of range 6). Its yield is about 1,200 gpm.

The wide range in chemical quality of the effluent for more
than a decade is shown by figure 4, which includes the plottings
of 109 periodic analyses between 1932 and 1943. Relatively few
of these analyses plot close to the character of the extremely
soft water locally native to the basal division of the San Pedro
formation, in which alone the casing of the well is p=rforated
(see fig. 4, analysis 4/12-14P1). Rather, half the available
analyses plot in a concentrated group whose position is inter-
mediate between the plottings of native waters from the upper
part of the Silverado water-bearing zone in the San Pedro forma-
tion (range 5), from the lower part of the Silverado zore (range
6), and from the basal division of the San Pedro (also range 6).
About a third of the analyses are of relatively hard waters whose
plottings on figure 4 are dispersed and vary upward nearly to
those of waters native in the upper part of the Silverrdo zone.
Regarding this wide variation in chemical character of the
efluent from well 4/12-21M2 it is pertinent that:

1. All samples of the relatively hard water—that which is
of diverse chemical character and whose analyses plot high on
figure 4—have been taken in the first few minutes of pumping
after relatively long periods of shut-down, throughout the life
of the well. It is concluded that such water has acemulated
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intermittently owing to small leakage through the c~sing or by
downward percolation outside the casing, that it has I'een quickly
discharged with each resumption of draft, and that its quality
is not of consequence to the problem here treated.
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PIGURE 4.—Analyses of 109 samples from well 4/12-21M2 (citv
of Long Beach, Citizens well 7) in 1932-43, in relation t
native waters of its vicinity. A, Native water from upper-
most part of Silverado water-bearing zone in San Pedr>
formation, in well 4/13-1F1, range 5; B, C, native water from
upper part of Silverado zone, in wells 4/12-27K1 and 4/12-
21M3, respectively, range 5; D, native water from lower part
of Silverado zone, in well 4/12-15B1, range 6; E, nativ:
water from basal division of the San Pedro formation, in well
4/12-14P1, range 6. After analyses by city of Long Beach
Chemical and Physical Testing Laboratory.)

2. All samples of the extremely soft water—that which is
similar in character to the water native in the basal division of
the San Pedro and whose analyses plot lowest on figure 4—have
been taken during withdrawals of several hours duration, pre-
sumably after the quality of the effluent had become about stable.
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Of these, all were taken before late 1936 and all except two were
taken before mid-1934. Adjacent wells 4/12-17Q1 and —20G1
to the west (city of Long Beach, Development wells 4 and 5,
respectively) are analogous to 21M2 in that each commonly
yielded extremely soft water before mid-1934 but not subse-
quently. Each of these wells has perforated casing both in the
basal division and in the overlying Silverado water-besring zone
of the San Pedro formation. Adjacent wells 4/12-28H1 and
—28H6 (city of Long Beach, Alamitos wells 9 and 8, respectively)
are somewhat analogous to 21M2 in that each generally yielded
the extremely soft water through 1934 and after 1939 or 1940,
but during the interim commonly yielded substantially harder
water. Of these two wells, 28H1 has perforated casirg only in
the basal San Pedro and 28H6 both in the basal division and in
the overlying Silverado zone.

3. Among the samples of the water of intermediate hardness—
those whose plottings concentrate in a small dense group in the
center of the field on figure 4—all but one have been taken
after 1936, nearly all have been taken during prolonved with-
drawals, and many have been taken after weeks or even months
of essentially continuous draft. Presumably, therefore, of all
the 109 samples plotted on figure 4 these most reliably indicate
the mean chemical character of the water body or bodies tributary
to the well. Their chemical composition is that of a blend of
about equal portions of waters native to the basal San Pedro, to
the lower part of the Silverado zone, and to the upper part of
that zone, that is, of waters native to ranges 6 and 5. Because
withdrawal is at the rate of about 1,200 gpm, blending within
the well in the proportions just indicated would require some
300 gpm from the basal San Pedro, 300 gpm from the lnwer part
of the Silverado zone, and 600 gpm from the upper part of the
Silverado zone. However, as has been stated, the well casing
is perforated only in the basal San Pedro, and the casing is not
gravel-packed. Under these conditions, it is believed that neither
leakage through defective casing nor downward percolation out-
side the casing is at all adequate to explain the seeming blend,
and it is concluded that probably after mid-1934 and certainly
after 1936 the basal San Pedro at and near well 21M2 has been
occupied by nonnative water of intermediate hardness.

Regarding this implied migration of water beyond its native
zone, it is further pertinent that:

4. Before 1932 the basal San Pedro had been tapped only by
nine public-supply wells among those of the Development, Citi-
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zens, and Alamitos fields at Long Beach (see fig. £); also, the
yearly draft from all nine wells had been relatively light.

5. Between 1932 and 1934, three additional public-supply wells
were drilled by the city of Long Beach to tap only the basal San
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FIGURE 5.—Plan and section of the Development, Citizens, and Alamitos w=ll fields at Long
Beach, showing water-bearing zones and vertical range of perforated casing in wells that
reach the basal division of the San Pedro formation.
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Pedro—North Long Beach well 4 (4/12-6K1), about 4 miles
north-northwest from the Citizens field; also Commission well
1 and the Wilson Ranch well (4/12-14D1 and -14P1, respec-
tively), about 214 miles east-northeast of the Citizens field.

6. Beginning in 1934, the total yearly withdrawal from the
wells that tap the basal San Pedro has ranged from 5,650 to
11,000 acre-ft and under this very heavy draft the head on the
water in the basal San Pedro has been as much as 2( ft below
that of the water in the Silverado zone above. Under this differ-
ential head, every well with casing perforated both in the Sil-
verado water-bearing zone and the basal division of the San
Pedro formation would become a potential conduit for the move-
ment of water downward into the basal San Pedro. Such conduits
were afforded potentially by only five of the nine wells shown
on figure 5.

7. Even under the heavy draft since 1934, outlying wells
4/12-6K1, -14D1, and -14P1 have yielded only the extremely
soft water that has been described as native in range 6 (the basal
San Pedro), but neither these nor any adjacent wells have casings
perforated both in the basal San Pedro and in the Silverado.

From the conditions here set forth, it is concluded that since
1934 a very substantial volume of water has moved downward
from the Silverado zone into the basal division of the San
Pedro in the vicinity of the Development, Citizens, and Alamitos
well fields; also, that this movement has taken place through the
five deep wells with multiple zones of perforations, in response
to the differential head created by heavy withdrawal from the
basal San Pedro. This migration of water beyond its native zone
has effected artificial replenishment of the native water body
in the basal San Pedro.

Elsewhere in the area other fresh waters doubtless have
migrated beyond their native zones in and near fields of closely
spaced wells that have casings diversely perforated through
successive water-bearing zones of high transmissibility, and
that have been pumped heavily. Although conclusive analytical
data seem not to be available, conditions favorable to such migra-
tign exist in well fields like that of the Dominguez Water Cor-
poration in the Dominguez Gap northwest of Long Beach (wells
4/13-15A2, —15A5, -15A6, —-15A7, —15A8, -15A11, —-15B3, and
-15B4). In such a field, substantial changes in the chemical
character of the water withdrawn may take place over a term
of years, in seeming variance from the native character of the
water body or bodies tapped.
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NATIVE WATERS OF INFERIOR CHEMICAL QUALITY

Although the native ground waters of the area ar~ commonly
of good chemical quality, native waters of inferior qnality occur
extensively in the unconfined body and locally beneath marginal
parts of the area in the principal confined body. T™=se waters
of inferior quality are those which contain more than about 600
ppm of dissolved solids. In the unconfined body they are highly
diverse in chemical character, but those of poorest quality are
sodium chloride waters whose content of dissolved solids varies
to a known maximum of 57,300 ppm, or about 160 percent of
ocean-water concentration. In the principal confined body they
include waters high in sulfate content and of diverse character
at the inland margins of the Downey Plain, and szline waters
of moderate to high concentration along the coast and locally
in the vicinities of the Palos Verdes Hills and of Newport Mesa.
Table 5 and plate 10 show the character of typical inferior waters.

TABLE 5.—Character of representative mative waters of inferior quality in
the deposits commonly penetrated by water wells

[See table 30 for description of sources and for analytical data in parts per million. See
plates 6, 7, 8, and 9 for lccation of sources]

Cations Anions

(percentage equivalents) (percentage equivalents) Rfangglof
Dis- perforations
in casing or

Well number | solved
on plate 2 (s oli;lils) Calcium | Mag- Sogl:gm Bicar- Sulfate | Chlo-ide ‘g:ﬁt(‘}e:%
PP Gay | mesium | potas- | bonate | S5 (Cn s | belowland
(Mg) sium | (HCO) ‘ surface)
{ (Na+K)
Waters from the unconfined shallow bhody

4/11-22M 1 312,391 11.2 19.0 69.8 9.2 57.6 33.2 7
4/12-28B1. 31,433 4.6 4.8 90.6 73.8 10.4 15.8 15
5/11-18P4. 4 57,300 4.6 17.2 78.2 1.0 8.4 90.6 8
6/10-18L1_______ 3,280 31.8 24.8 43.4 22.0 23.2 54.8 14

Waters from uppermost Pleistocene deposits, not more than about 200 feet below the
land surface

.
2/183-14L1______. 3778 52.8 23.6 23.6 36.6 30.6 32.8 180
3/10-3202. - 677 56.4 17.6 26.0 46.0 30.6 23.4 197
4/13-19J4._ 3787 34.2 19.2 46.6 30.4 5.4 64.2 100
5/9-19A1__ 989 56.2 29.0 15.8 30.8 44.6 24.6 44
5/10-24F1_ 540 56.2 21.6 22.2 474 318 20.8 200
2,730 47.6 21.2 31.2 12.2 61.4 26.4 200

3954 28.8 19.8 351.4 35.0 20.8 35.2 135-202

3680 52.0 24.2 323.8 36.4 47.0 16.6 38-86

31,106 22.0 20.2 357.8 32.0 54.2 13.8 31

3 3,059 13.0 9.0 178.0 18.8 52.2 29.0 172-220

31,173 29.4 28.6 3420 2.0 53.2 19.8 60-220
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TABLE 5.—Character of representative native waters of inferior quality in
the deposits commonly penetrated by water wells—Contirued

[See table 30 for description of sources and for analytical data in parts per million. See
plates 6, 7, 8, and 9 for location of sources]

Number Solids Ca Mg Na+K HCO: 804 ‘ C1 Depth
Waters from unnamed upper Pleistocene deposits

3 881 32.0 27.4 40.6 36.8 38.2 25.0 311

3693 318 26.8 1414 44.4 38.8 16.8 240

688 64.0 18.4 17.6 42.2 36.0 21.8 230-350

718 54.4 28.0 17.6 47.2 23.8 29.0 600

3701 51.0 22.8 26.2 44.6 31.6 23.8 310

3618 18.8 20.4 360.8 50.4 28.6 21.0 235-1, 35

3 540 25.4 10.4 364.2 38.2 14.4 47.4 255-299

Waters from San Pedro formation

4/12-32G1._ 31,015 30.8 21.8 47.4 27.2 6.0 66.8 130
5/11-29P1 3,611 12.4 5.8 81.8 13.0 .0 87.0 484-524
5/12-13D1 17,900 5.0 15.6 79.4 2 8.0 91.8 190-210
5/13-6D1. 31,115. 9.2 3.0 87.8 37.8 2 62.0 809-888
6/10-8D4___ -] 393,253 1.2 13.8 75.0 9.4 64.4 26.2 210
8/10-10E__..___. 891 4.0 .6 95.4 29.8 0 70.2 500

1Includes carbonate (CO3) and borate (BO;) if present.

2 Includes fluoride (F) and nitrate (NOs) if present.

3 Calculated.

4 Sodium chloride water with concentration 160 percent of that of the ocean.
5 Formational sample obtained while well was under construction.

UNCONFINED NATIVE WATERS OF INFERIOR QUALITY

The unconfined waters that natively are of inferior quality
occur largely, if not exclusively, within the coastward half of
the Downey Plain. Well 4/11-22M1, which is.near the center
of the plain but which just reaches the semiperched water table
in an area not known to include contaminated waters or to be
near a source of contamination, reportedly has yielded a sodium
sulfate water in a concentration somewhat more than 12,000
ppm. (See pl. 10.) Waters of similar chemical character but
commonly of much less concentration occur locally beneath the
Tustin Plain to the east (table 5, analysis I-45N1) and to the
west, beneath the local arm of the Downey Plain that intervenes
between Dominguez Hill and the Torrance Plain (table 30,
analyses 4/13-8L1 and -10F1); they probably occur elsewhere
at shallow depth in areas of retarded ground-water circulation
adjacent to rocks of Tertiary age (such as occur in the Santa
Ana Mountains and the Puente Hills). On the northeast flank
of Signal Hill, test well 4/12-28B1 yielded sodium bi~arbonate
water of about 1,400 ppm—the chemical character suggests leak-
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age from the Silverado water-bearing zone of the underlying San
Pedro formation (see p. 35), and the dissolved-solids content
suggests concentration by evaporation from the capillary fringe.
It is inferred that native waters of similar character may occur
elsewhere at shallow depth along the inland flank of the Newport-
Inglewood zone in the reach from Signal Hill to Huntington
Beach Mesa.

Along the coast and at least just beneath the water tzble, native
sodium chloride waters of high concentration are common in
the unconfined body. Rather commonly the concentration and
composition of these are essentially the same as of oc=an water,
but locally the concentrations is substantially greater. Thus, test
well 5/11-18P4 in Sunset Gap, about a mile inland, yielded water
of nearly the same composition but with a concentration about
160 percent of that of the ocean. Presumably this vras due to
evaporation from the capillary fringe. (See pl. 10.) Well 5/11-
21P2 has yielded calcium bicarbonate chloride water, and well
6/10-18L1 has yielded sodium calcium chloride water. These two
waters are inferred to occur in a zone of transition between
highly concentrated sodium chloride waters such as those just
described and calcium bicarbonate waters characteristic of the
zones of free ground-water circulation farther inland. From the
features here described and from the numerous field analyses
of shallow ground waters (see table 31), the writers conclude
that these zones of native concentrated sodium chloride water
and of transition to the inland calcium bicarbonate wsater extend
inland for 2 to 6 miles beneath the several gaps through the
coastal mesas and hills.

Especially within the coastward half of the Downey Plain
these unconfined native waters are extensively unfit for use.
However, there they are largely semiperched and separated from
underlying water-bearing zones by bodies of silt or clay which
are essentially impermeable. Under these conditions the unfit
waters readily can be excluded from deep wells by placing and
maintaining adequate casings. Only within two forebay areas
at the inland margin of the Downey Plain—specifically, from
the Whittier Narrows downstream about 4 miles and from the
mouth of the Santa Ana Canyon downstream about to Anaheim
and Orange—is there vertical hydraulic continuity from the
water table to the lower division of the Recent deposits and to
the underlying Pleistocene deposits. However, within those two
small inland areas the native unconfined waters are wholly of
good quality, as has been explained.
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CONFINED NATIVE WATERS OF INFERIOR QUALITY
EXTENT AND GENERAL CHARACTER

The determinations of approximate dissolved solids by Men-
denhall in 19034 (see pl. 2) and the analytical data since
accumulated show native waters to be of decidedly inferior quality
in the principal confined body beneath the inland margin of the
Downey Plain in the general vicinity of Whittier, adjacent to
the flank of the Puente Hills and the western part of the Coyote
Hills uplifty beneath the Tustin Plain, adjacent to the flank of
the Santa Ana Mountains; and at least discontinuously along the
coast from the Palos Verdes Hills to the San Joaquin Hills.
Further, and as explained later, they suggest that beneath all
the marginal parts of the Long Beach-Santa Ana area waters
of somewhat inferior quality are the rule rather than the
exception.

These inland waters of inferior quality generally are of high
sulfate content and are known to occur only in the uppermost
Pleistocene deposits (those within 200 ft beneath the land sur-
face) and at least locally in the unnamed upper Pleistocene de-
posits at somewhat greater depth. That is, they occur in deposits
whose fresh waters have been ascribed to range 2 and the upper
part of range 3. It is not known whether they occur elsewhere
at some particular stratigraphic zone or zones or as lobes of
random stratigraphic position fingering outward fror~ the high-
lands that enclose the Downey Plain. However, at least locally,
inferior waters are known to be both overlain and underlain by
native waters of good quality and they are presumed to exist
only in deposits which have small average permeability and which
currently are not flushed by vigorous ground-water circulation.
In general, their dissolved constituents are presumed to have
been derived from the adjacent highlands. Their similarity to
surface waters of the highlands is suggested by the following
data on the chemical character of Santiago Creek, which drains
the west-central part of the Santa Ana Mountains (table 6).

The coastal waters of inferior quality are generally of high
chloride content and occur locally in the unnamed upper Pleisto-
cene but extensively in the San Pedro formation and its probable
correlatives, that is, in deposits whose fresh waters occur largely
in ranges 3 and 5. Presumably they are of connate origin, diluted
in various degrees by land-derived fresh water and larg-ly trapped
at faults and other features of geologic structure.
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TABLE 6.—Chemical character of Santiago Creek?

Parts per Percentage
Constituent 111 equiva-
million "
lents
Caleium (Ca) oo 93 51.0
Magnesium (Mg) 32 28.9
Sodium and potassium (Na+K)* ________________ 42 20.1
Bicarbonate (HCO,) — --| 275 49.3
Borate (BOs) —oooo .18 4
Sulfate (SO0s) - 187 42.6
Chloride (Cl) —— . .25 7.7
Hardness, as CaCOs . ___________________. 354
“Sum” o 517

1 Northeast of Villa Park and 0.5 mile above mouth of canyon at box d'viding flow be-.
tween Serrano Water Co. and John T. Carpenter Water Co. Average of two analyses by
University of California Citrus Experiment Station in October 1918 and June 1927, also of
three analyses in 1932 by California Division of Water Resources.

2 Cations and anions separately.

3 Calculated.

INFERIOR  WATERS IN THE UPPERMOST PLEISTOCENE DEPOSITS (RANGE 2 OF
THE FRESH WATERS)

In the far northwestern part of the area, well 2/13-14L1 near
Huntington Park has yielded a calcium bicarbonate sulfate water
containing nearly 800 ppm of dissolved solids, 243 ppm of carbon-
ate hardness, and 265 ppm of noncarbonate hardness. Other very
hard waters occur in the vicinity, presumably are native, and so
suggest that moderately concentrated waters high in sulfate
content may be fairly extensive in the uppermost Pleistocene in
the vicinities of the Los Angeles Narrows and the Whittier Nar-
rows. From general information, it is inferred that the native
waters of inferior quality farther east in the vicinity of Whittier,
and still farther east along the south flank of the Coyote Hills,
are commonly of somewhat the same composition.

To the south, between Wilmington and Dominguer Hill, the
uppermost Pleistocene deposits (there correlated specifically with
the unnamed upper Pleistocene) contain water of inferior quality
at least locally, as at well 4/13-19J4 (see table 5). There sodium
chloride bicarbonate water in a concentration of about 800 ppm
is native and—Ilike the sodium chloride waters of the San Pedro
formation, to be described—is probably of connate origin but
considerably diluted with land-derived calcium bicarbonate water.
In the same district a presumably native calcium chloride bicar-
bonate water was found in a concentration of 520 parts per
million (well 4/13-19H1).
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This district near Wilmington, which is essentially the eastern
part of the Torrance Plain, was sparsely settled and contained
no wells at the time of the survey by Mendenhall (1905¢) in
- 1904, possibly because it was flooded recurrently by the Laguna
Dominguez. However, to the northwest and somewhat beyond
the Long Beach-Santa Ana area, many wells 70 ft or less in
depth then produced water containing 1,000 ppm or more of
dissolved solids. Accordingly, it is concluded tentatively that in
the district near Wilmington somewhat inferior waters are native
extensively within the uppermost Pleistocene deposits. In some
part the known and inferred waters of inferior quelity in the
district now may be contaminated. Information abott this pos-
sibility may result from an investigation being extended north-
westward from the Long Beach-Santa Ana area by the Geological
Survey.

In the far southeastern part of the area, from Santa Ana to
and beyond Irvine, the native waters of the uppermost Pleisto-
cene formation pass eastward from the calcium bicarbonate water
of good quality (table 4, analyses 5/9-8J1 and I-11B1) through
inferior calcium sulfate waters, to sodium sulfate snd sodium
chloride waters (table 5 and pl. 10, analyses 5/9-19A1, 6/10-2H1,
I-63G1, and I-43F1). Known concentrations range up to 3,059
ppm of dissolved solids (analysis I-63G1) and known hardness
up to 1,424 ppm (analysis 6/10-2H1). Such waters are of the
“marginal run-off strain” of Morse (1943, p. 484).

The westward reach of these native inferior waters is defined
rather sharply in the data by Mendenhall (1905a), which are
generalized on plate 2 and which indicate that 1903-4 waters
containing from 600 to 1,000 ppm of dissolved solids were en-
countered commonly by wells of moderate depth within a belt
about a mile wide extending roughly from Main Sfreet (the
boundary between Rs. 9 and 10 W.) eastward to the vicinity of
Tustin. The inferior waters of this particular district, presum-
ably calcium sulfate waters in large part, may be native in the
sense that their dissolved constituents have been derived locally
and from within the uppermost Pleistocene deposits. Waters of
much less concentration occur at the water table above, and waters
of relatively low concentration and of good quality occur in the
unnamed upper Pleistocene and in the San Pedro formations
below.

To the east, beyond Tustin, the sodium sulfate waters in the
uppermost Pleistocene are most common beneath the northeastern
half of the Tustin Plain adjacent to the flank of the Santa Ana
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Mountains, and the sodium chloride waters occur more commonly
beneath the southern part of the Tustin Plain adjacent to the
San Joaquin Hills. Data not here introduced suggest that waters
of these two compositions are native to the Tertiary rocks of .
the uplands that enclose the Tustin Plain—sodium chloride waters
to the rocks of the San Joaquin Hills and sodium sulfate waters
to the rocks of the Santa Ana Mountains and to the Fiente Hills
farther north and northwest. Thus, it seems probable that mod-
erately concentrated waters of these two sorts may occur com-
monly in the uppermost Pleistocene deposits along much of the
inland margin of the Tustin and Downey Plains in Orange
" County.

INFERIOR WATERS IN THE UNNAMED UPPER PLEISTOCENE DEPOSITS (RANGE 3
OF THE FRESH WATERS)

In most of the area the waters native to the unnsmed upper
Pleistocene deposits at depths greater than 200 ft l'=neath the
land surface are of good quality as already described, but waters
of inferior quality and of diverse composition have been with-
drawn from wells that tap the unnamed upper Pleistocene in
Orange County along and near the flanks of the Coyote Hills,
the Santa Ana Mountains, and the San Joaquin Hills. In the
available analyses total dissolved solids range from about 900
to 500 ppm, and in general decrease southward; hardness ranges
from 482 parts to 172 parts (table 5 and pl. 10, analyses 5/9-8B
and 1-102J1, respectively). Composition varies widely and erra-
tically among calcium bicarbonate sulfate waters (anclysis 4/10—
4C1), calcium sodium sulfate, bicarbonate, and similar waters
(analyses 3/9-20M1 and 4/9-15R1), and sodium chloride bicar-
bonate water (analysis 1-102J1).

In the central part of the coastal plain in Orange County, nearly
west of Santa Ana and just west of the Santa Ana River, rela-
tively concentrated calcium bicarbonate sulfate water appears to
occur locally at moderate depth in the unnamed upper Pleisto-
cene deposits, as at well 5/10-9A1. This condition suggests that
fingers of the inferior water may extend westward several miles
beyond the area in which such waters are common, as described
in the preceding paragraph.

In the area from which these inferior waters have been with-
drawn, and especially in the district from Tustin southeastward
to and beyond Irvine, water wells commonly have casings per-
forated in an aggregate length of several hundred feet or are
of gravel-packed construetion. Thus, the wells may ¢raw water
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from several zones whose native waters are of diverse character.
Also, all the available analytical data are based on random sam-
ples for which the antecedent pumping history is not known.
Under these conditions, three tentative conclusions are drawn
about the chemical character of waters native to the unnamed
upper Pleistocene in Orange County:

1. Waters of inferior quality are native largely in the upper-
most part of the deposits at depths generally less than 300 ft
below land surface; at least locally the native waters at greater
depth are of good quality beneath the Downey Plain, beneath
much of the Tustin Plain, and possibly beneath the lower flanks of
the adjacent highlands.

2. Within their stratigraphic range the inferior waters native
to the highlands (analysis 3/9-20M1) pass westward and south-
ward into the native calcium bicarbonate waters of good quality
which have been described, so that within a zone of transition
along and near the margin of the lowland plains the native waters
are of diverse and intermediate composition. (See tabl= 5, anal-
yses 4-10/4C1, 5/10-9A1, and 1-102J1).

3. To a considerable extent, the diverse character of the waters
withdrawn from the deeper wells of the area results from blend-
ing of inferior native waters from shallow zones with waters
of high quality native to deeper zones. (See table 5, analysis
I-84G1; also table 30, analyses I-8H1, —86R1, -121C1, -123K1,
and -156C1.)

INFERIOR WATERS IN THE SAN PEDRO FORMATION (RANGES 5 ANT' § OF THE
FRESH WATERS)

Sodium chloride waters in a wide range of concentrations are
native in the San Pedro formation (1) locally beneath the flank
of the Palos Verdes Hills; (2) beneath the eastern part of the
Dominguez Gap and southeastward along the coast about to the
far side of Bolsa Gap (in which 14-mile reach they are extensive
if not continuous from the coast inland to the master faults of
the Newport-Inglewood structural zone); and (38) beneath the
eastern part of the Santa Ana Gap and the adjacent central and
southern parts of the Newport Mesa. In all three districts the
San Pedro formation is of marine origin and the sediments of
which it is composed were deposited in ocean water. The sodium
chloride water currently native there in the San Pedro are be-
lieved to be of connate origin, either because the marire waters
of deposition were trapped locally by faults and so were not dis-
placed by fresh water or because ocean water has reoccupied
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the permeable materials along much of the coast after the struc-
tural features of the Newport-Inglewood zone were formed.

Analysis 5/13-6D1 (table 5 and pl. 10) is typical of the sodium
chloride water locally native in the lower part of the Silverado
water-bearing zone of the San Pedro formation at the north-
castern flank of the Palos Verdes Hills. This water has a chloride
content of about 450 ppm and a dissolved-solids content of about
1,200 parts; probably it is held in a local structural trap. Its
origin involves more than simple dilution of a connate ocean
water by land-derived fresh water; rather, dilution ras gone on
with nearly complete reduction of sulfate and substantial re-
placement of magnesium and calcium through base-erchange re-
actions. '

The extent of this native water of inferior quality in the Sil-
verado zone is not shown clearly by data available to the writers.
Southward and southeastward, it may reach to the eastern part
of Terminal Island, as is suggested by the report that well 5/13—
8K1 there encountered salty water, and by the electric logs of
several oil wells on the south flank of the Wilmington anticline.
To the north and east, it appears to grade irregularly through
native waters which are of good quality but in which the dis-
solved-solids and chloride contents are substantially greater than
in the Silverado water-bearing zone to the north and beneath the
Dominguez Gap to the east. For example: in the waters drawn
from wells 4/13-33E2 and —33ES8, about 2 miles east-northeast
of well 5/13-6D1, the total-dissolved-solids and chloride contents
are respectively about 400 and 100 ppm; in those drawn
from wells 4/13-31E3 and -31E4, a mile northwest of 6D1,
dissolved solids and chloride are respectively about 380 and 70
parts; in the waters drawn from well 4/13-30G1. nearly 2
miles north of 6D1, also from wells 4/13-33D1 and -33D2 about
2 miles east-northeast, dissolved solids are from 230 to 340 parts
and chloride about 45 parts; but in the waters from well 4/13—
19J2 about 3 miles north, and from well 22E1 about 4 miles north-
east of 6D1, dissolved solids and chloride are about 220 and 25
ppm, respectively. (See analyses in table 30.) The two waters
last cited are typical of the native waters of good quality already
described. ’

Within this area adjacent to the Palos Verdes Hills, certain
wells have yielded somewhat contaminated waters which should
not be confused with the presumed native waters just described.
These contaminated waters are described in a following section
of this report.

To the east, locally beneath a small part of the Dominguez Gap
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and probably beneath all the Long Beach Plain, it is inferred that
sodium chloride waters of at least moderate concentration are
native and extensive in the San Pedro formation between the
coast and the Newport-Inglewood zone. Analysis 4/12-32G1 of
table 5 suggests the chemical composition. The northwestward
reach of this native salt-water body seems to have ended about
at the Los Angeles River, as is shown by Mendenhall’s data of
1908—-4 (see pl. 2, line indicating concentration of 1,000 ppm).
Possibly it reached to the easternmost part of Terminal Island and
there merged into the native water body of inferior quality ad-
jacent to the Palos Verdes Hills.

Southeastward along the coast from Alamitos Gap to Bolsa
Chica Mesa, concentrated salt water is native at many places in
the Pleistocene deposits and may well extend laterally through-
out those deposits and vertically to the base of the San Pedro
formation. Analysis 5/12-13D1 (table 5 and pl. 10), which is
typical, indicates a composition almost identical with that of
ocean water but a total-solids content one-half that of ocean
water. On the other hand, analysis 5/11-29P1, which is believed
to represent a native salty water between the coast and the New-
port-Inglewood structural zone, has a total-solids content about
10 percent of that of ocean water, but a composition more like
that of certain oil-field brines. Other analytical data, including
those of table 29, suggest that extensively in these particular salt
waters the dissolved solids range from 50 to 100 percent of the
dissolved solids in ocean water.

With four exceptions to be explained later, the available analyt-
ical data for this coastal reach from Alamitos Gap to Bolsa
Chica Mesa suggest that waters of good quality now exist through-
out the San Pedro formation inland from the master faults of the
Newport-Inglewood zone, but that salt waters occupy the area
between those faults and the ocean. These data are drawn from
the work by Mendenhall in 1904, and by the Geologiczl Survey
and local agencies in 1941-43; they are summarized in the follow-
ing table 7.

Along the coastal side of the master fault of the Newport-
Inglewood zone within the reach here treated, water of good
quality is known to occur only in test well 5/11-18P1, which in
July 1941 yielded water containing only 35 parts per million of
chloride. This well is about 200 ft coastward from the master
fault, is 125 ft deep, and its casing is perforated in a bed of gravel
and sand that extends from 110 to 148 ft below land surface. The
static level of its fresh water ranges from 3.7 to 6 ft above mean
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TABLE 7.—Chloride and dissolved solids in waters of the San Peiro for'matiori
along the coast from Alamitos Gap to Bolsa Chica Mesa, as of 1904,
194142, and 1945

[Rased on analytical data of the Geological Survey, the Los Angeles County Flood Control
District, and the Orange County Flood Control Distriet]

Parts per million
Depth of well pe

Number of well or of Date
perforations, .
on plate 2 in feet Ds‘g’fg:‘;d Chloride

Wells inland from master fault of Newport-Inglewood zone

130 1904 200 | .

184 1904 290 |1TIIIIIIIIIIIT
700-800 Apr. 25,1942 2218 iz
158 Jan. 23,1942 240 16
273 Mar. 14, 1041 190 18
83-89 Mar. 20, 1041 249 18
3157 Dec” 22, 1041 i u
an 4, 2 2 7

70-92, 187-214 {Apri] 18,1048 | + 252
206 June 28, 1942 11,500 + 7,000
668700 | o 16
185 {Nov. 10, 1930 | L. 21
Sept. 11, 1042 &0 4211

348-362 Tuly 14 1942 275 14

Wells between the master fault and the coast

300 1904 830 | .

100 1904 5,000 | oo

179-209, 229-249 July 21, 1941 25,500 18,200
109-124 July 21, 1941 235 35

169-219 July 25, 1941 21,200 13,100

100-120 July 25, 1941 , 16,500

484-524 ar. 18, 1941 4,100 2,050

684715 | oo (%)

190-210 Jan. 30, 1942 27,500 18,800

130-140 Jan. 29, 1942 20,000 13,200

1 Approximate; calculated from electrical conductivity.
2 Determined by analysis.

3 Well unused; sampled at 147 ft below land surface.

4+ Well probably contaminated, as described in text.

& Well reportedly abandoned owing to salt water.

sea level, fluctuates diurnally with the tide, and is essentially
free from seasonal fluctuations. Evidently hydraulic discontinuity
across the Newport-Inglewood zone here is so extensive that
seasonal fluctuations of pressure head are not transmitted from
the inland water bodies. Under these conditions the fresh-water
body tapped by well 18P1 either is maintained by percolation
through the fault barrier to offshore springs, or is stagnant and
floats on underlying salt water. Of these alternatives, it is in-
ferred that the fresh-water body must be derived from leakage
through the fault barrier but that, with the differential head now
prevailing, the amount of such leakage is very small. Otherwise
some seasonal fluctuations of pressure head would be transmitted
to the coastal side of the fault.
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.In contrast, test well 5/11-18N1, which was drilled 168 ft
southwest of well —18P1, yields water whose chloride content is
about 18,000 ppm, a salinity substantially that of the ocean.
This second and deeper test well taps beds of gravel and sand
from 172 to 212 and from 221 to 251 ft below land surface. Its
water level fluctuates only with the tide, ranges from 3.0 feet
above to 0.5 ft below mean sea level, and in general is zbout 3 ft
below that in well 18P1. This difference in water level in the
two test wells doubtless indicates a hydrostatic balance between
the fresh-water body of well 18P1 and the underlying salt-water
body of well 18N1. Evidently no fresh water leaks through the
fault barrier into either of the two water-bearing zones tapped
by the deeper of the two wells.

All data available indicate that waters high in chloride con-
tent now occupy virtually all the San Pedro formation between
the coast and the master faults of the Newport-Inglewood zone
from Alamitos Gap at least to Bolsa Chica Mesa, are native in
that coastal reach, and are essentially of connate origin in the
sense that the permeable materials along the coast presumably
were reoccupied by ocean water after the barrier features of
the Newport-Inglewood zone had been developed. The ocean
water of reoccupation has been modified substantiallv by re-
duction of its sulfate and by loss of part of its magnesium through
base-exchange reactions.

Still farther southeastward along the coast, from the Rolsa Gap
onto the Huntington Beach Mesa, the reach of this native body
of salt water is not shown clearly by data now available. Frag-
mentary information suggests that it could not have reached
the southeastern corner of the mesa, at least in the lower part of
the San Pedro formation, and probably did not reach that far
within the upper part of the formation.

The native saline waters beneath the central and southern parts
of the Newport Mesa and the adjacent eastern part of the Santa
Ana Gap include sodium sulfate water (analysis 6/10-8D4, table
5) and sodium chloride waters in concentrations ranging at least
from 900 to about 5,000 ppm of dissolved solids (analyres 6/10-
10D3 and -18J2). At least locally beneath the eastern part of the
Santa Ana Gap the sodium sulfate water is native in the upper-
most part of the San Pedro formation, which there lies immedi-
ately beneath the Talbert water-bearing zone in the alluvial de-
posits of Recent age. This particular type of water is very near-
ly like that native to the uppermost Pleistocene deposits beneath
the central part of the Tustin plain (pl. 10, analysis I-63G1)
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and, like that water, presumably has been derived from a calcium
sulfate water through base-exchange reactions. The underlying
sodium chloride waters are of modified connate origin—connate
ocean water diluted with land-derived fresh water, but with sul-
fate reduced completely or nearly so and with magnesium and
calecium very largely exchanged for sodium. Both types of native
saline water beneath the Newport Mesa—the sodium sulfate and
sodium chloride waters—seem to exist only within and by virtue
of a fault trap, whose features are described in the separate re-
port on geologic features (previously cited), and which locally
has impeded the circulation of ground water. The precise extent
of the trapped connate water is not known.

CONTAMINATION OF NATIVE FRESH WATERS

GENERAL EXTENT OF WATER-QUALITY DEPRECIATION

Beginning in the late twenties, as has been stated, a few wells
in the coastal zone of the Long Beach-Santa Ana area began to
yvield salty water and subsequently a number of wells were aban-
doned as the quality of their water depreciated progressively.
Plate 1 has outlined those districts in the coastal zone in which
certain of or all the ground-water bodies had a chloride content
exceeding 50 ppm in 1942, that is, a chloride content substan-
tially greater than that of the native fresh waters of good chemical
quality. Salty waters were and are native in certein of these
districts (pp. 57-59) but the areas of high-chloride-content
water existing as of 1942 in the Dominguez Gap west of Long
Beach, in the Santa Ana Gap west of Newport Beach, in the
central part of the Huntington Beach Mesa, and lo-ally in the
northern part of the Newport Mesa had resulted from deprecia-
tion of water quality during the preceding 15 yrs. This deprecia-
tion has been caused by an influx of salines from sources partly
within and partly beyond the body of materials penetrated by
water wells.

As will be shown specifically, the depreciated vraters most
commonly are high in chloride content, a condition which suggests
ocean water and oil-field brine as the most obvious potential con-
taminants. In many, however, calcium and magnesium are much
more prevalent than sodium, so that the depreciation has in-
volved more than the simple admixture of ocean water or oil-
field brine with native ground water of good chemical quality.
Other waters have depreciated principally by increas2 in sulfate,
a type of modification that suggests contamination by industrial
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wastes or by certain waters which are of inferior quality but
which are native in the deposits tapped by water wells.

In a certain sense, the users of ground water in the area might
be considered wholly responsible for the prevention and control
of water-quality depreciation by contaminants that occur natural-
ly within the deposits tapped by water wells, that is, by “in-
terior” contaminants as discriminated in this repor‘. By the
same token, however, those same users should not be wholly
responsible for the control of depreciation by contaminants that
do not occur naturally within the deposits, that is, by ‘“exterior”
contaminants.

CHARACTER AND OCCURRENCE OF POTENTIAL EXTERIOR
CONTAMINANTS

The potential exterior contaminants, derived from sources be-
yond the stratigraphic range of the water wells, of the area in-
clude ocean water, connate waters from the rocks of Tertiary age,
and waste fluids of industrial and miscellaneous origins. For
each of these the mode of occurrence is briefed in following
paragraphs, and the chemical character is shown by the repre-
sentative analytical data of table 29 and by figure 6.

OCEAN WATER

The highly saline water of the ocean is an obvious potential
contaminant for two reasons. It is probably in extensive hy-
draulic continuity with the native fresh-water bodies, especially
at the Dominguez and Santa Ana Gaps by way of the basal divi-
sion of the alluvial deposits of Recent age and likely so along
almost all the coast by way of coarse-grained members in the
San Pedro formation. Second, tides cause ocean water to over-
run certain rather extensive tidal flats from which it may per-
colate downward into a fresh-water aquifer wherever the over-
lying materials are permeable.

The extreme reach of ocean water into the area is indicated
by observations of the Geological Survey during a maximum
spring tide, the 6.9-ft tide which crested at 10:07 a.m. (Pacific
standard time) on January 7, 1943. These observations briefly
are:

1. In the channel of the Santa Ana River, 1.5 miles inland, or to
Hamilton Street which crosses the channel on a fill ahove high-
tide level. At its crest the tidal water occupied the entire 300 ft
width of channel between levees from the coast to a point about
300 yd downstream from Hamilton Street. Ebb flow began at
11:08 a.m.
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FIGURE 6.—Chemical character of potential exterior contaminants.

2. In the San Gabriel River, about 2 miles inland or to a point
2,800 ft south of East 7th Street. Tide reversal occurred at 10:45
a.m.

3. In the Los Angeles River, flood tide was noted at 7th Street
at 10:25 a.m. The inland reach was 0.95 mile or to a point 1,300
ft beyond 7th Street.

In the Dominguez Gap, the natural tidal flats have been ex-
tensively raised by artificial fills, so that even during maximum
spring tides the ocean water does not extend greatly beyond the
banks of the Los Angeles River and of the Dominguez Channel.
However, on the tidal flats of the Alamitos Gap, maximum tides
reach roughly to the center of sec. 2, T. 5 S., R. 12 V7., or about
0.5 mile inland beyond the axis of the Newport-Inglewood struc-
tural zone which affords the barrier to water movement below the
water table. In the Sunset Gap, tidal overflow is confined almost
completely to the flat south of Bolsa Avenue, but ertends east-
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ward roughly to the southwest corner of sec. 17, T.5 S,, R. 11 W.
In this gap, maximum spring tides extend inland about 0.7 mile
beyond the Newport-Inglewood structural zone. In the Rolsa Gap
the tides once extended inland as much as 0.5 mile beyond the
structural zone in one arm of Bolsa Bay, but currently the reach
of salt water is constrained by dikes and controlled at a gate
structure across the main arm of the bay. In the Santa Ana
Gap, extreme tidal reach is about 0.5 mile inland in secr. 13 and
14, T. 6 S., R. 11 W., and about the same distance on the lowland
east of the Santa Ana River. It reaches almost to the structural
zone,

The data on ocean water in table 29 include a ‘“standard’ anal-
ysis and actual analyses for two stations in or near the Long
Beach-Santa Ana area. All analyses show the usual character-
istics of ocean water: sodium and chloride the dominant dissolved
constituents with chloride from 18,300 to 19,000 ppm, nd about
three times as much magnesium as calcium (in nearly all the
native ground waters of the area calcium substantiallr exceeds
magnesium). Bicarbonate in the ocean water is only sbout 140
ppm, or considerably less than in nearly all the ground waters,
and sulfate is about 2,600 parts or several times greater than in
any of the ground waters of good quality.

CONNATE WATERS IN ROCKS OF TERTIARY AGE

Beneath the principal body of confined fresh water in all the
area, or below the upper division of the Pico formation, such
permeable zones as exist contain brines of connate origin. These
connate-water zones are overlain by and fingered betwe=n bodies
of claystone and siltstone which are essentially imperme<able and
each of which is hundreds of feet thick. Also, in all the area no
salt-water springs are known to the writers who have also found
none described in the technical literature. Thus, it is concluded
that all the connate waters of the Tertiary rocks naturally were
confined effectively. There are virtually no natural conduits af-
fording hydraulic continuity between the connate waters and the
overlying fresh-water bodies, not even among the faults of the
Newport-Inglewood structural zone. However, the confining beds
have been pierced, and artificial conduits between the frash-water
and connate-water zones now are afforded by the thousands of oil
wells in the area—those of the Dominguez, Long Beach, Seal
Beach, and Huntington Beach fields along the Newport-Ingle-
wood structural zone; those of the Wilmington field, which is
just west of the Los Angeles River between the Newport-Ingle-
wood structural zone and the coast (see pl. 1) ; also those of the
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Sante Fe Springs, West Coyote, East Coyote, Richfield, Monte-
bello, West Whittier, and Whittier fields near or alor< the inland
margin of the area. Thus, the connate water-bodies in the Ter-
tiary rocks which yield the brines that are withdrawn with oil
from the several fields constitute exterior sources of potential
contamination.
CHEMICAL CHARACTER

The analytical data of table 29 suggest the range in chemical
quality of the connate waters as indicated by formational samples
or by samples taken from brine separators at oil wells known to
tap a single stratigraphic zone. All these analyses from the sev-
eral fields in the coastal zone are of sodium chloride waters rang-
ing from 6,000 to 23,400 ppm of chloride and from 10,000 to
39,000 parts of dissolved solids. That is, their chloride content
ranges from 32 to 123 percent of that of standard ocean water,
and their dissolved-solids content ranges from 29 to 112 percent.
The divergence between these two ranges is related to certain
characteristic differences of composition between ocegn water and
the connate water, which are brought out in table 8.

TABLE 8.—Comparison of chemical character of standard ocern water with
that of known connate waters in the coastal zone of the Long Beach-Santa
Ana area

[Data on connate waters based on analyses in table 29. Percentage equival:nts for principal
constituents as indicated, and separately for cations and anions)

Parts per million Percentage euivalents
Connate waters Cornate waters
Ocean Ocean
water | Maxi- | Mini- | V3T | Maxi | Aver- | Mini-
mum mum mum age mum
Barium (Ba). ... .ol 0.05 142 b S P R, R D
Strontium (Sr)__ - 13 20 26 | )|
Calctum (Ca)... - 400 1,679 1,117 3.4 13.2 5.6 2.0
stlggnesil(slgl)(Mg - lé,gg 713 5 ( %;g 9.6 3.2 2
odium |2} J—. --- B
s 35 } 3319 | 338 || 7T b o8 912 83.6
Borate (BOs)..._.........__._. 25 Fo3- 30 PR U (I PP D,
Carbonate (COs)..... R 0 238 0 ) 4 24.6 6.0 4
Bicarbonate (HCO;3). 140 4,607 0 N
Sulfate (S04)..._. 2,649 165 of] a3 14 2 0
Todide (I).._._.__ .05 80 K TU N R I [ IR
Bromide (Br). - 65 200 25 e e
Chloride (C1)...._...___.___._. 18,980 23,386 | 5,963 90.3 99.6 93.8 75.0
Fluoride (F)_____ ... D S (RN R AU NSRS PO SRS ERERS
“Sum”. . _.._..| 34,482 38,800 9,940 || oo e

Ratios:

Caleium to magnesium.__. 0.19 52.4 6.24 0.60

Calcium to sodium......... 04 14 .06 02

Magnesium to sodium..... 23 11 04 002

Carbonates (as HCOs) 1o

sulfate. o oo 04 | 1,190 132 1.12
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These connate waters from Tertiary rocks, at least those with-
in the coastal zone of the Long Beach-Santa Ana arca, are of
marine origin, and presumably have been derived fror~ an ocean
water not greatly unlike the standard ocean water of table 8.
Regarding that standard, however, the connate waters have
undergone certain fundamental modifications in the rroportions
of their principal dissolved constituents. Among the bases (ca-
tions) the calcium has increased considerably in some waters but
has decreased in others, and the magnesium has decreased (to its
virtual disappearance from some waters) about inversely as the
sodium has increased. Among the acid constituents (anions)
the carbonate and bicarbonate have increased greatly in most
waters, the sulfate is very greatly diminished in all waters and
i “-teallv ahsent from most, and the chloride is substantially
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into solution from mineral constituents of the enclosing rocks,
but not until the sulfate of the connate ocean water had been
largely reduced (because the solubility product of barinm sulfate
is very small among those of other potential compounds of the
constituents in natural waters). The large quantity of borate
in many connate waters presumably has been derived also from
mineral constituents of the enclosing rocks, but the details of
its origin are obscure.

POTENTIAL CONTAﬁINATION BY CONNATE WATERS AT DEPTH BELOW LAND
SURFACE

In the ‘deformed rocks of the Newport-Inglewood structural
zone, the top of the connate-water body ranges from 1,000 to
2,500 ft (Poland, Piper, and others) below sea level. It is highest
beneath the central part of Signal Hill where it is several hun-
dred feet above the deepest producing fresh-water zone to the
northeast. Northwestward along the structural zone, the top-
most connate-water zone declines nearly to 2,500 ft below sea
level at the Dominguez Gap, then rises to about 1,500 ft below
sea level at the crest of the Dominguez Hill. Southeastward from
Signal Hill it is some 2,000 ft below sea level about to the Bolsa
Chica Mesa, then rises to about 1,500 ft at the Santa Ana Gap
and beneath the northern part of the Newport Mesa. Inland
from the Newport-Inglewood zone it plunges about 4,000 to 4,500
ft below sea level along a line from Compton to and b2yond Los
Alamitos. :

Among the several coastal oil fields,” the confining bed that
overlies the connate-water body in the Tertiary rocks was
breached by the discovery wells of the Huntington Reach field
in 1920, of the Long Beach field in 1921, of the Dominguez Field
in 1923, of the Seal Beach field in 1926, and of the Wilmington
field in 1936. Successively deeper zones and lateral extensions
were sought in each of the four fields along the Newport-Ingle-
wood zone until, as of about 1940, the deepest wells reached 9,000
to 10,000 ft below the land surface, and about 3,400 productive
wells had been drilled. Even deeper drilling is now (early 1945)
in progress in the Long Beach field. Thus, connate-water zones
have been tapped extensively and through a very wide vertical
range in the coastal zone of the Long Beach-Santa Ana area, and
for some 25 yr their saline waters have been potential exterior
contaminants. Within this period, the connate waters could have
reached and. contaminated some fresh-water body either by per-
colation at depth beneath the land surface or by percolation down-
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ward from the land surface after they had been withdrawn with
oil.

Among the oil fields along or near the inland margin of the
area (p. 62), the impermeable beds that confine the connate
waters were breached first in 1897 by the discovery wells of the
Whittier field. Thus, as of 1945, in that inland part of the area
the connate waters had been a potential exterior source of con-
tamination for 48 yr.

Wherever its static pressure level is higher than that ¢f a fresh-
water body, connate water of course can flow directly into the
fresh-water aquifer provided hydraulic continuity is afforded
through oil wells that have inadequate or defective casings or
that have been inadequately plugged before being abandoned.
This necessary hydraulic continuity is not likely to be afforded
by producing oil wells in which the fluid level commonly is drawn
down as much as 1,500 ft or even more below land surface, or
far below either the static level or the pumping level in any water-
supply well of the area. However, in any nonproducing or aban-
doned oil well the fluid pressure would rise to some extent, per-
haps substantially; also, any top waters or bottom weters that
were shut off during construction of the well would maintain
their pressure heads undepleted. Under such conditions, every
instance of casing failure or of inadequate plugging might afford
the hydraulic continuity necessary for contamination of a fresh-
water body.

Little specific information is available to the writers about
static level of the connate waters in the oil wells. Orly in the
Santa Ana Gap is the connate-water head known currently to be
above that of the fresh-water zones. Thus, an abandoned oil-test
well in that area, 6/11-13Q1, reportedly is plugged 228 ft below
land surface but, as of 1945, flows a very small amount of saline
water under a head at least 1 foot above land surface ard some 3
ft above the drawn-down head of the Talbert fresh-water-bear-
ing zone. Its analysis in table 29 shows that this water is essen-
tially connate in character. In this part of the area the pressure
heads are such that the contamination in the Talbert water-bear-
ing zone (pp. 92-126) could have been caused in part by percola-
tion of connate water from one or more of the several nonproduc-
ing or abandoned oil wells. However, none of these oil wells is
known to be a specific source of such contamination by percola-
tion at depth below the land surface. The data available to the
writers for other parts of the coastal area are incompetent to
show whether such contamination has occurred or is hyd—aulically
possible.
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WASTE BRINES FROM THE COASTAL OIL FIELDS

In the five oil fields in the coastal zone of the ar=a (p. 65),
most of the brine that is raised to the land surface is separated
immediately from its accompanying oil by settling. However,
some brine is emulsified with its oil and separation must be in-
duced by adding certain chemicals or commercial products (com-
monly sodium oleate, sodium resinate, phenol, or miscellanecous
sulfonated organic compounds). It the early years of these fields,
it is reported that a considerable quantity of the waste fluid
(connate water, almost exclusively) was disposed of near the
point of origin by discharge into drainage ditches or natural
channels, into undrained sumps, into abandoned oil wells, or into
bored holes that bottomed within the formations commonly pene-
trated by water wells. These early practices have been discon-
tinued largely, but not wholly, and most of the oil-field wastes
now (1945) are transported by pipe lines to the ocean or to some
central disposal works. Current and former practices of waste
disposal in the five fields are described specifically in the follow-
ing paragraphs.

DOMINGUEZ FIELD

Beginning with the drilling of the discovery well in 1923, the
Dominguez oil field has been developed very largely 'y the Shell
0il Co. and the Union Oil Co. Thus, this field has been relatively
free from the disposal of small volumes of waste brine at wide-
spread localities, as has been, and to a small extent still is, the
practice in other fields which have been developed by many oper-
ators. Consequently, past contamination and the possibilities of
future contamination of fresh-water bodies by waste fluids of
the Dominguez oil field are relatively rather sharply localized.

According to information supplied by the Deepwater Chemical
Co. and the Union Oil Co. (personal communications, October
1945), since about 1930 at least a part of the waste fluids from
the oil wells of the Dominguez field ordinarily have been piped to
the plant of the Deepwater Chemical Co. for extracticn of iodine.
As of 1930, about 90,000 gal of waste brine was delivered daily
to this extraction plant, solely by the Union Oil Co. As of early
1945, about 500,000 gal of fluid each day was suprlied jointly
by the Shell Oil Co. and the Union 0il Co., or some 90 percent of
the total from the field. The extraction plant is situated 0.1 mile
north and 1 mile west of the intersection of Wilmington Avenue
and Victoria Street, on the northwest flank of Dominguez Hill.
Its effluent, which is essentially connate water (see table 29), is
piped to an outfall on the Dominguez Channel] 0.4 mile northwest



CONTAMINATION OF NATIVE FRESH WATER 71

of Avalon Boulevard. When the iodine-extraction plant is idle,
the waste fluids are piped directly to the Dominguez Channel
through the same line. As of 1945, therefore, the disposal of
waste fluids from the Dominguez oil field presumably avoids any
substantial contamination of fresh ground-water bocies, except
as existing contamination might be intensified by the common
usage of the Dominguez Channel as a drain for industrial wastes
(see p. 80).

However, all waste fluids of the Dominguez oil field have not
always been conveyed from the area by pipe lines. Thus, the un-
published report on a stream-pollution survey by the water de-
partment of the city of Long Beach in 1932 indicates that waste
fluids from the wells of the Union Oil Co. then were riped to the
plant of the Deepwater Chemical Co. as in 1945, but that at
least a part of the waste from the wells of the Shell Qil Co. in
1932 was being discharged into a ravine high on the southwest
flank of the Dominguez Hill.

This report states that also in 1932, waste fluids from the Shell
wells were discharged into the crater of a blown-ouf oil well—
Reyes well 27 near the crest of Dominguez Hill, just west of
Wilmington Avenue and 0.3 mile south of Victoria S‘reet. This
well blew out June 7 to 25, 1925. In May 1932, the Shell Oil Co.
was requested to stop discharging brines into the crater and it is
understood that the practice was discontinued soon afterward.
The quantity of waste brine so discharged onto the land surface
as of 1932 is not known specifically, but during that year the
Shell Oil Co. produced about 56,000 gal of brine each day. How-
ever, if such disposal had been practiced generally since the
discovery of the field in 1923, several hundred acre-fe~t of waste
brine could have infiltrated the land surface and percolated to
permeable materials natively saturated with fresh water.

The fragmentary information available to the writers suggests
that any such past accumulation of waste brine from the Domin-
guez oil field probably would occur largely beneath the southwest
flank of the Dominguez Hill, whence it would tend to percolate
southward and southeastward. Presumably some suct accumula-
tion has been the source for part of the contamination that exists
as of 1945 in the Gaspur water-bearing zone beneath the Domin-
guez Gap, but neither the present nor the ultimate extent of the
body of contaminating brine can be traced fully at this time.

LONG BEACH FIELD

Unlike the Dominguez field, the Long Beach oil field has been
developed by many operators whose holdings range from a single
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well to scores of wells. During the decade following discovery of
the field in 1921, a very large volume of brine was discharged
indiscriminately at or near the producing wells. Coordinated dis-
posal of waste fluids was not extended over the whole field until
the early thirties, but subsequently nearly all the brines and waste
fluids have been piped from the wells and refineries to disposal
works established by Oil Operators, Inc., and by the Shell Oil Co.

The works of Qil Operators, Inec., include ten sumps that cover
27 acres adjacent to the east levee of the Los Angeles River within
the city of Long Beach and 4 miles inland from the coast. (See
fig. 7.) It is reported that some of these sumps originally were
excavated to a depth of 60 ft, but all now are nearly filled with
an accumulation of “rotary mud” and sludge. The dikes between
the several sumps show some asphaltic paving, at least above the
present water surface.

Disposal of brines in this series of sumps began akout 1927 by
a few operators in the Long Beach field. Brines are accepted for
disposal only from wells and refineries for which memberships
in the operating corporation are purchased—these n~emberships
numbered 930 as of 1931, increased to 1,177 in December 1935,
and with declining production diminished to 912 by December
1944,

Waste fluids from member wells and refineries are piped to
the sumps where any residual petroleum is separated and re-
covered. As of 1945 residual fluid is then discharged to the Los
Angeles River through flumes at two distinct points, one 175 ft
and the other 480 ft north of Wardlow Road. In 1933 and 1934,
it is reported that 4,200,000 gal of waste fluids were discharged
from the sump system daily. Currently (1945), because the num-
ber of contributing wells has diminished, the daily d‘scharge has
decreased to 65,000 bbl or 2,730,000 gal. From 1928 through
1943, a Mr. Yorsten of Oil Operators, Inc., reports that a total
of 398 million bbl, or 51,300 acre-ft of waste fluid, had been dis-
charged to the river.

According to analyses of samples made by the Genlogical Sur-
vey in 1941-43, and several partial analyses of samyles made by
the city of Long Beach from 1932 to 1934 (see tables 29 and 33),
the residual fluid discharged into the river from these sumps is
essentially a blend of connate brines whose content of chloride
has ranged at least from 9,000 to 16,000 ppm. That is from 50
to 85 percent of the chloride content of ocean water. However,
from 1928 until 1934, effluent from the sumps was acidulated with
sulfuric acid for the extraction of iodine; during that period
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FigURE T.—Plan of brine sumps of Oil Operators, Inc., in northwestern part of Long Beach
oil field. (After Long Beach Water Department.)

the residual waste discharged into the river probably contained
substantially more sulfate than was found in 1941 in the com-

plete analysis by the Geological Survey.
The series of six sumps operated by the Shell Oil Co. for the
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disposal of waste brines from its wells in the Long Beach field
are located low on the east flank of Signal Hill, along the east
side of Newport Avenue 0.2 mile north of Stearns Street. Their
depth below natural land surface is not known. O the north,
east, and south the upper part of the sump walls are earth dikes,
which in part are faced with timber and whose top is 4 feet above
general land surface. The total fluid surface is about 4 acres.

As of March 1945, about 700,000 gal of brine was piped to
these sumps daily from 230 wells. The chloride content of the
brine—as sampled in 1942 by the Geological Survey from a pipe
discharging into the largest sump of the six—is 16,000 ppm
(table 33). So far as is known, all the brine discharged from
these sumps after the residual oil is skimmed off is piped to the
plant of the Dow Chemical Company near Seal Beach for re-
moval of iodine. The waste from this plant is discharged (as of
1945) into the tidal reach of the San Gabriel River, about three-
fourths mile from the coast.

The daily output of brine from the sumps of il Operators,
Inc., and of the Shell Oil Co. currently (1945) is 3.4 million gal,
which is virtually the total quantity of brine withdrawn from the
1,250 active wells in the Long Beach field. According to E. L.
Albrecht, fire chief of Signal Hill, brine from no more than a
dozen wells in the field now (1945) is discharged locally into
undrained sumps or onto the land surface. Thus, in the past
decade, probably relatively little waste brine from the oil wells
infiltrated below the land surface within the Long Beach field.
However, the disposal works of Oil Operators, Inc., just beyond
the northwest edge of the field, doubtless have beer the source
for a substantial part of the salt water that heretofore contami-
nated the Gaspur water-bearing zone beneath the Dominguez
Gap. (See p. 176.) So far as is known to the writers, no brine
from the sumps of the Shell Oil Co. has yet (1945) invaded any
usable body of fresh ground water, although it is not unlikely
that some has infiltrated to the shallow, unconfined body of ground
water which locally is of inferior quality naturally. If so, that
unconfined body locally may have become an intensified interior
source of potential contamination.

In strong contrast to the localized possibilities of ground-water
contamination by these two coordinated disposal systems, dur-
ing the decade after the Long Beach oil field was discovered in
1921 waste brines in large quantity doubtless infiltrated rather
widely beneath that field. Until the early thirties the methods
of waste disposal in the field were largely indiseriminate. Thus,
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the unpublished report on the stream-pollution survey of 1932
by the city of Long Beach, also a paper by Brown (1935, pp.
171-177) summarizing some results of that survey, indicate that
brine, acid sludge, refinery effluent, and other waster were dis-
charged into scores of bored ‘“‘cesspools,” into undrained sumps
‘and pits, or onto the land surface. As of 1925, the waste brine
from numerous wells was discharged overland into the gutters
of Spring Street and thence eastward through the Cerritos drain
and other open ditches to the tidal reach of the San Gabriel River.
Thus, the waste fluids flowed overland rather widely on the north
or inland flank of the Signal Hill, and the outfall ditches extended
about 5 miles along the edge of the Downey Plain just inland
from the flanks of Signal Hill and of Alamitos Heights. During
at least part of this early period, 25 of the wells in the Jergins
Trust group yielded 1,500 bbl (63,000 gal) of waste brine daily;
this brine was piped to a city-operated sump whose outfall reached
the Los Angeles River about 2 miles from the coast.

Altogether, several thousand acre-feet of waste brine may have
infiltrated below the surface of the Long Beach oil field during
this early period. Regarding historic and potential contamina-
tion of fresh ground-water bodies, this accumulaticn of brine
creates three distinct conditions:

1. In the central part of the field, beneath and near Signal
Hill, the infiltrated brine probably has been confined in large
part between the structural traps afforded by the Cherry Hill
fault on the southwest or coastal side of Signal Hill and by the
Northeast Flank and Reservoir Hill faults on the northeast or
inland side of the hill. Immediately inland from this probable
body of trapped brine, numerous public-supply and private wells
now withdraw large volumes of fresh water from highly per-
meable strata that, at least locally, probably are physically con-
tinuous with zones in which brine is trapped and that would be
hydraulically continuous with those zones except for the imper-
fect barrier effects of the faults. So far as the writers know,
under the fresh-water heads that have existed his*orically in
the inland area of heavy withdrawal, no brine has yet (1945)
migrated across the faults and contaminated any usable fresh
water body. However, it is quite possible that some brine will
be drawn through the faults locally, and into the productive
fresh-water bodies. Thus, the probable body of trapped brine
constitutes a possible source of future contamination, but its
potential ultimate reach can not be estimated from data now
available. Toward the coast the probable body of trepped brine
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would abut, across the Cherry Hill fault, against bodies of ground-
water that nalively are of very inferior quality (p. 59), and
does not threaten to contaminate usable water bodies there.

2. In the northwest part of the field, from Signal Hill across
Los Cerritos, any infiltrated brine probably would be confined
largely on the southwest by structural traps at the Cherry Hill
fault. However, there are no known structural traps to restrain
such brine from percolation northeastward (inland) or north-
westward beneath the Dominguez Gap. It is inferred that north-
westward percolate has caused a part of the known contamination
of the Gaspur water-bearing zone beneath the eastern part of
that gap (p. 176), but so far as now known (1945), no infiltrated
brine has percolated to and beyond the inland edge of the oil field
in Los Cerritos area and there contaminated any fresh ground-
water body. For example, well 4/13-13J1, constructed in De-
cember 1943 and gravel-packed from land surface into the upper-
most part of the Silverado water-bearing zone, encountered water
substantially of native quality along the northeast edge of that
field. However, the probable pressure of infiltrated brine within
the northwest part of the Long Beach oil field constitutes a re-
sidual threat of contamination, either by percolation into a fresh-
water-bearing zone or by leakage into wells which tap fresh water
beneath the infiltrated brine but whose casings are inadequate
or become deteriorated.

3. In and adjacent to the eastern part of the field, along the
inland base of Signal Hill and southeastward along the flank of
Alamitos Heights, there are no known structural traps to re-
strain infiltrated brine from percolating inland. However, ex-
cept through wells with inadequate or defective casings, down-
ward percolation beyond the zone of unconfined, semiperched
ground water doubtless is largely prevented by underlying im-
permeable strata which there intervene above the productive
fresh-water zones. Thus, in and near that eastern part of the
field, any infiltrated brine probably has been dissipated in large
part into the semiperched ground-water body which natively is
moderately to highly saline and which of itself constitutes an
interior source for the potential contamination of inadequately
cased wells. Nonetheless, the likelihood of such contamination
probably has been increased locally by brines from the Long
Beach field.

SEAL BEACH FIELD

The main part of the Seal Beach oil field is in the Alamitos
Gap, on the tidal flat northwest of Landing Hill, From this field,
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a substantial and perhaps the greater part of the waste brine is
piped to the plant of the Dow Chemical Company near Seal Beach,
for extraction of iodine. Some brine may be or may have been
wasted at the wells, but because the field largely is on a tidal
flat and is underlain by ground-water bodies of wlich all at
shallow depth are natively very saline, any such loc~l disposal
of waste brine probably does not increase the likelihcnd of con-
tamination.
BHUNTINGTON BEACH FIELD

Like the Long Beach field, the Huntington Beach oil field has
been developed by many operators who first used diverre methods
of waste disposal. Currently (1945), a substantial and perhaps
a major part of the waste brine from this field is piped to the
ocean, but indiscriminate disposal within the field still is practiced
somewhat widely as of 1945. Thus, the waste brine from certain
wells and groups of wells long has been and is being discharged
into certain natural depressions on the land surface, in which
the impounded brine is alternately diluted by storm runoff and
concentrated by evaporation; several of these artificial ponds
are perennial. Brine from other sources is discharged into gullies
that drain northwestward onto the floor of the Bols? Gap and
inland beyond the reach of the tides into that gap. Chemical
analyses of waters from the ponds and from the gullies in 1941—
42 are given in table 33.

As these analytical data show, in certain typical holding ponds
the chloride content of the brines commonly has been from 12,000
to 20,000 ppm, but has ranged at least from 1,750 to 100,000
parts, owing to dilution by storm runoff and to concentration by
evaporation. In the gullies and at points of outfall into them,
the range has been at least from 525 to 15,000 parts.

From the known production of oil in the Huntington Beach
field it is estimated that many hundred, and possibly several
thousand acre-feet of waste brine have been dischargped (as of
1945) into the several holding ponds and sumps or drained over-
land to the floor of the Bolsa Gap. Doubtless a subst~ntial part
of the salines in this brine has infiltrated below the surface of
the Huntington Beach Mesa and has led to contamination of
fresh-water bodies, as in the central part of the oil field (see
p. 141). Furthermore, brine discharged on the mesa or onto the
floor of the Bolsa Gap has invaded the “80-foot gravel” of the
gap (Poland, Piper, and others) locally in sec. 26 ard possibly
in sec. 833, T. 5 S., R. 11 W. Although the salt watev reported
in the “80-foot gravel” at a well in sec. 33 may have come from
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the Bolsa Bay, it is unlikely that saline water from that source
would have penetrated downward to the “200-foot aquifer” of
the underlying San Pedro formation, which also was reported
saline there. Thus, it is probable that at least the “200-foot”
aquifer has been contaminated by westward circulation from
beneath the mesa.

In Bolsa Gap, the fresh-water body of the “80-foot gravel” and
its confining bed, like the principal fresh bodies beneath other
parts of the Downey Plain near the coast, are overlain by native
waters of inferior quality that occur at shallow depth beneath
land surface and that are natural potential sources for contamina-
tion through any well not tightly cased down into the confining
bed. Also, as in the area adjacent to the eastern part of the Long
Beach field, the body of native but unusable water at shallow
depth beneath the Bolsa Gap probably has been invaded locally
by waste brine from the Huntington Beach field so that, inland
beyond the tidal reach, the potentiality for contamination from
above may have been increased.

WILMINGTON FIELD

The Wilmington oil field is west of the Los Angeler River and
extends inland from less than a mile to 3 miles from the Cerritos
Channel and the innermost basins of Los Angeles Harbor. (See
pl. 1.) The eastern part of the field is underlain by Rezent alluvial
deposits of the Los Angeles River and by tidal deposits, but the
western part of the field occupies part of the low Torrance Plain
and is underlain by Pleistocene deposits.

At least three of the principal operators in the field pipe their
waste brine directly to tidewater. However, as of 1945, many
other operators reportedly discharge brine into sumps or onto the
land surface near their wells and let it “evaporate or seep away.”
Because the chemical quality of the shallow ground vater differs
in the eastern and western parts of the Wilmington field, the
potentialities for contamination by waste brine differ, as follows:

1. In the Recent deposits which underlie the eastern two-thirds
of the Wilmington field the shallow unconfined ground water
naturally is very saline and had been grossly contaminated for
several years before the discovery oil wells were drilled in 1936.
In addition, the subjacent Gaspur water-bearing zore here con-
tains water of poor quality, which no longer is used except inter-
mittently for industrial purposes. Hence surface disposal of
waste brine within the area of Recent deposits probably will not
increase local potentialities for contamination of the deeper Sil-
verado water-bearing zone. (See pp. 195-197.)
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2. In the Pleistocene deposits which underlie the vrestern part
of the Wilmington oil field, the native shallow ground water,
tapped by wells from 20 to 30 ft deep, contained not more than
750 ppm of total solids. Also, as late as 1941, wells not more
than 75 ft deep here produced water of fair quality. For example,
the water then produced from well 4/13-29M1, 68.5 ft deep, con-
tained 176 parts of chloride and that from well 4/15-32D1, 73.3
ft deep, contained 32 parts. However, it is probable that the
brines being disposed at or near land surface in this westerly
part of the oil field now (1945) are increasing or soon will in-
crease the salinity of the water in these shallow Pleistocene de-
posits. If this shallow ground-water body becomes more saline
owing to such disposal, it will then be a potential source of con-
tamination to the underlying water-bearing zones, especially the
Silverado zone, through defective well casings.

WASTE BRINES FROM THE INLAND OIL FIELDS

Waste brines from several oil fields along and near the inland
edge of the area (p. 65) now are conveyed fo the ocean by the
Orange County Cities Joint Qutfall Sewer on the east, and by
the pipe lines of the Santa Fe Springs Waste Water Disposal Co.
on the west. The alinements of these outfalls are shown on plate 2.

The main pipe line of the Orange County Cities Joint Outfall
Sewer extends from La Habra about 23 miles to an outlet off-
shore from the Santa Ana Gap. This line was constructed in
1924 from Fullerton to the coast and later was extended north
to Buena Park and La Habra. On land, the line was constructed
first of concrete tile from 16 to 48 in. in diameter, depending on
grade, but has been replaced piecemeal by bell-and-spigot, vitri-
fied-clay tile. The last section of line so replaced was the 9-mile
reach from Garden Grove nearly to the coast, after heavy damage
to the line in 1938 by flood waters. The offshore se~tion of the
line is of cast-iron pipe.

This regional sewer carries waste brines from several oil fields
on and near the Coyote Hills and sewage from the soveral cities
within its reach. As of 1945, its reported load is about 10,000,000
gal a day. The chemical character of the fluid conveyed is sug-
gested by the analyses of eight samples taken in late December
1932 from the effluent of the sewage-treatment plant which is
adjacent to the west levee of the Santa Ana River in the inland
part of the Santa Ana Gap, about 700 ft south of Fllis Avenue
(see pl. 11). The most concentrated of these eight samples con-
tained 90 ppm of calcium, 44 parts of magnesium, 1,035 parts of
sodium, 583 parts of bicarbonate, 55 parts of sulfate, 1,562 parts
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of chloride, no nitrate, and 31 parts of borate (193¢. California
Dept. of Public Works, Div. Water Resources Bull. 40-A, p. 125).

The two outfall lines of the Santa Fe Springs Waste Water
Disposal Co. extend about 15 miles from the skimming sumps at
Santa Fe Springs to an outlet on the tidal reach of the San
Gabriel River, about a mile from the ocean and 1,(00 ft north
of Hathaway Avenue. Lines 1 and 2 were placed in operation in
1929 and 1937, respectively. Each is constructed of 6-ft sections
of vitrified-clay tile from 16 to 36 in. in diameter, with bell-and-
spigot joints sealed with asphaltic cement, and is laid from 6 to
11 ft below land surface.

As of early 1945, the two lines transport 100,300 bkl (4,212,000
gal) daily of waste brines from the Santa Fe Springs, West
Coyote, and Montebello oil fields. Recent chemical analyses are not
available but data published by Morse (1943, p. 492) suggest that
this waste, unless diluted at the head of the outfall, is much like
that from the disposal works of Oil Operators, Inc., of the Long
Beach field, which is analyzed in table 29.

Because this report concerns the contamination of fresh-water
bodies only in the coastal zone, the two outfall systems from the
inland part of the area are pertinent only in the remote con-
tingency of contamination in the coastal zone by fluids leaking
from one outfall or the other. Of the contamination now dis-
criminated (1945), none is known to have originated in such
leakage. Before these outfalls were put into operaticn the waste
brines of the inland oil fields were disposed of locally and in
considerable part, indiscriminately. Fresh-water bodies were con-
taminated in and near several of the inland fields, bwt they are
not treated in detail by this report.

INDUSTRIAL WASTES IN NATURAL WATER COUFSES

All the streams that discharge to the ocean across the coastal
zone of the area receive effluent from sanitary-sewagas plants and
intermittently receive some natural effluent from the shallow,
unconfined ground-water body which extensively is of inferior
quality. (See pp. 51-52.) In these particular artificial and
natural effluents the dissolved solids locally and intermittently
reach a maximum 1,250 ppm, the chloride and sulfate reach 500
parts jointly, and sodium commonly is the most abundant base.
These moderately concentrated effluents can not have caused any
substantial part of the contamination with which this report is
concerned because their content of dissolved solids is only a
minor fraction of the dissolved solids in much of the contaminated
water. This statement would apply only where the water table
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of the semiperched water body intersects the stream and makes
a common straight-line profile with the stream surface at medium
stream stage. In Dominguez Gap, the river feeds the shallow
water table at all times. In Santa Ana Gap, because of local tile
drain systems, the water table probably slopes away from the
Santa Ana River throughout the year.

In addition to the oil-field brines that are being discharged
into the tidal reach of the San Gabriel River (pp. 74, 79), into
the Los Angeles River in northwest Long Beach (p. 72), and
into the Dominguez Channel southwest of Dominguez Hill (p.
70), fluid wastes from processing and manufacturing industries
are being discharged (as of 1945) and have been discharged in
substantial volumes into the Los Angeles River, the Dominguez
Channel, Compton Creek, and possibly into Coyote Creek but,
so far as is known to the writers, not into any other stream in
the area. The nonorganic wastes of high concentration and of
relatively large volume are those from oil refineries and chemical
plants. These commonly are sedium chloride or sodium sulfate
waters that are somewhat more dilute than the oil-field brines.
Typical analyses for these and for other industrial wastes are
given in table 29.

Inland from the coastal zone miscellaneous industrial wastes
formerly were discharged into the Los Angeles River ¢t numerous
places from Vernon downstream, and into the Rio Hondo at least
in the vicinity of El Monte (according to an unpublished report
on a stream-pollution survey by the city of Long Beach, 1932).
Analyses of samples taken at points of waste discharge have been
published (1933, California Dept. of Public Works, Div. Water
Resources Bull. 40-A, pp. 127-128). During intermittent periods
of storm runoff these were highly diluted but not so diluted dur-
ing periods of minimum stream flow. Thus, nonorganic wastes of
inland origin and intermittently of high concgentration have flowed
into the coastal area. Some of these saline wastes are known to
have infiltrated below the land surface in the inland part of the
area and to have remained there as local potential sources of
contamination.

Much of this disposal of industrial wastes into the [Los Angeles
River has been stopped (as of 1945). Thus, at Iow flow in
1941-42, as it entered the coastal zone at Artesia Street the water
of the Los Angeles River ordinarily did not exceed 750 ppm of
all dissolved solids, including 160 parts of chloride. This quality
is suggested by the partial chemical analyses of samples taken
by the Geological Survey at Olive Street and at l.ong Beach
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Boulevard, respectively, about a mile upstream and a mile down-
stread from the inland boundary of the coastal zone (see table 32).

Within the reach downstream from Artesia Streot, the Los
Angeles River now (1945) receives its first large cischarge of
nonorganic wastes from the skimming sumps of Oil Operators,
Inc., just upstream from Wardlow Road and 2.8 miles upstream
beyond the reach of ordinary tides (see p. 63). This waste is
essentially a connate brine whose chloride content has ranged
from at least 9,000 to 16,000 ppm since 1932. Its daily volume,
which has not fluctuated greatly, has been equivalent to a steady
flow of 6.5 cfs as of 1933-34, of 4.2 cfs as of 1945, ard of 4.4 cfs
from 1928 through 1943. So far as known, industrial wastes
never have been discharged into the river channel downstream
from these skimming sumps.

Until 1940 or 1941, these waste fluids at times made up the
greater part of the dry-season flow in the coastal reach of Los
Angeles River, but intermittently they were greatly diluted dur-
ing periods of storm runoff. Thus, as shown by samples taken
by the city of Long Beach about monthly from 1932 into 1940 at
State Street and monthly since 1938 at Willow Street, also in-
frequently in 1941-43 by the Geological Survey at State Street
and at Anaheim Street (114 miles and 1 mile from the coast,
respectively; see table 32), the common range of the water in
the river channel there has been from 2,500 to 30,00C ppm of all
dissolved solids, including about 1,100 to 22,000 parts of chloride;
the extreme range has been from 660 to 55,000 parts of total
dissolved solids, including 98 to 31,000 parts of chlcride. Since
1941, with the substantial minimum flow due to ground-water
overflow from the San Fernando Valley, the range in chloride
content has been from 950 to 3,200 ppm.

The saline wastes in the coastal reach of the Los Angeles River
are of substantially greater density than fresh water and are
under a head greater than that of the underlying and adjucent
body of unconfined ground-water. Under these conditions, both
by displacement due to greater density (irrespective of head)
and by percolation induced by greater head, the wastes at times
doubtless have entered and now (1945) are entering the ground-
water body ; also, some ultimately have reached or now can reach
the underlying highly permeable Gaspur water-bearing zone. In
other words, the concentrated nonorganic industrial wastes of the
coastal area continue to be potential contaminants of the usable
ground-water bodies after those wastes have been discharged into
the river.
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The Dominguez Channel (which traverses the extrere western
part of the coastal area, and which discharges into the east basin
of the harbor 2 miles west of Los Angeles River) has been the
means for disposal of waste brines from the Dominguez and
Rosecrans oil fields (p. 70) ; the Rosecrans field is northwest of
the area described in this report) and of waste fluids from the
several large oil refineries in its vicinity. The volunre of these
wastes has been and, as of 1945, is as great as or greater than
that of wastes carried by the coastal reach of the Los Angeles
River. According to reports assembled in 1932 in the pollution
survey by the city of Long Beach, oil-field and refinery wastes
were being discharged into the channel throughout its reach from
the Laguna Dominguez (Main Street) to Watson Junction (Wil-
low Street), that is, in the reach between 8 and 314 miles from
the coast. Effluent from the sewage-disposal plant of the Los
Angeles County Sanitation District also entered the chznnel about
three-fourths mile above the downstream end of the reach. Four
samples taken from the channel for that survey between Febru-
ary and April 1932 showed a downstream range in chloride con-
tent from 1,314 ppm at Main Street (Laguna Dominguez) to 201
parts at Willow Street. The downstream sample was taken below
the outfall from the sewage-disposal plant, whose effuent then
ranged from 135 to 202 ppm of chloride. According to samples
taken by the Geological Survey in 1942-43 (table 32), the water
of the Dominguez Channel then ranged at least from 145 to 10,000
ppm of chloride and from 700 to 16,000 ppm of total dissolved
solids at the Laguna Dominguez (Main Street), but only from
4,010 to 5,410 ppm of chloride and from 8,000 to 10,000 ppm of
total solids at Wilmington Avenue (about 114 miles upstream
from Willow Street). One sample taken by the Geological Survey
at Willow Street contained about 60 percent as much clloride and
total dissolved solids as those in the simultaneous sample at Wil-
mington Avenue.

Like those in Los Angeles River, the saline wastes of the Do-
minguez Channel are of substantially greater density than fresh
water and usually are under a head greater than that of the
underlying body of unconfined ground water. However, the
channel is underlain at most places by deposits appreciably less
permeable than the silt and fine sand that compose the flood-plain
deposits along the Los Angeles River. Specifically, from the
Laguna Dominguez downstream to about Wilmington Avenue the
Dominguez Channel is underlain by playa deposits, which are
essentially fine-grained silt and clay of low permeability. In the
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succeeding 2-mile reach downstream the former channel was
underlain by deposits of Pleistocene age but of very low per-
meability, However, beginning about 3 miles from the coast the
channel passes onto the flood-plain deposits of the Los Angeles
River, and is alined roughly with the western edge of the under-
lying Gaspur water-bearing zone (pl. 6). In this reach nearest
the coast, saline water from Dominguez Channel ultimately may
reach the Gaspur water-bearing zone, but in the two reaches
upstream probably very little of the saline water infiltrates the
channel bed.

CHARACTER AND OCCURRENCE OF INTERIOR CONTAMINANTS

The native interior contaminants of the area, that is, from
sources within the deposits of Recent and Pleistocene ages, are
chiefly the native waters of inferior quality whose chemical
character has been described (see p. 50). These include: (1) un-
confined and semiperched waters in the upper division of the
Recent deposits, which in the coastward half of the I ~wney Plain
are extensively unfit for use, whose natural content of dissolved
solids reaches a known maximum of 57,300 ppm (160 percent
of ocean-water concentration), and whose native poor quality
has been greatly aggravated by contamination in the Dominguez
and Santa Ana Gaps; (2) certain confined waters of diverse but
inferior quality that occur locally in the Pleistocene deposits be-
neath the inland margin of the Downey and Tustin Plains and
ordinarily within 300 ft beneath the land surface, sud that may
include interstitial waters in deposits of low perm-ability; and
(3) certain native saline waters confined in the San Pedro forma-
tion beneath the southeast flank of the Palos Verdes Hills, from
the eastern part of the Dominguez Gap some 14 miles along the
coast roughly to the far side of the Bolsa Gap, and also beneath
the eastern part of the Santa Ana Gap and the adjacent central
and southern parts of the Newport Mesa.

A fourth interior source of potential contamination includes
the southernmost reaches of the Gaspur and Talber* water-bear-
ing zones beneath the Dominguez and Santa Ana Gaps; under
natural conditions these two zones contained water of good chemi-
cal quality but each has been invaded rather extensively by ex-
terior contaminants (see pp. 167, 92). .

Of these four interior sources of potential contamination the
semiperched waters of the Recent deposits, and the confined
waters in the Gaspur and Talbert water-bearing zores and those
in the upper part of the Pleistocene deposits, all cverlie native
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water bodies of good quality from which large amounts of water
are withdrawn for use, and all must be penetrated by wells that
tap the waters of good quality below. These interior contaminants
can move downward only where or when their static pressure
level is higher than the pressure level—either static level or pump-
ing level—of the underlying water-bearing zone, and the poten-
tial rate of movement increases in proportion to this difference in
head. Conditions thus favorable to downward movement of con-
taminants exist extensively in the area but are most serious by
far in the Dominguez Gap, where as of 1945 the differential
head is from 45 to 60 ft (p. 169). The remaining interior source
of potential contamination—the saline-water bodies of the San
Pedro formation—underlies water of good chemical quality and
has been reached inadvertently by wells in the eastern part of the
Santa Ana Gap and the adjacent part of the Newport Mesa. Con-
tamination from this source can be prevented and controlled
effectively by securely plugging the bottoms of all wells drilled
into it.

MODIFICATIONS IN CHEMICAL CHARACTER OF THE CONTA MINATED
WATERS

The simplest possible case of ground-water contamination
would involve a mixture of the native ground water and the in-
vading water, without chemical reaction of the waters with one
another or with constituents of the water-bearing materials. If
the contamination had been of this sort, the analysis of a depre-
ciated water ordinarily would suffice tfo discriminate smong the
potential natural contaminants, whose chemical characters differ
considerably (see table 8). Actually, however most of the con-
taminated waters of the area have been profoundly modified by
chemical reactions which involve all the major constituents other
than chloride, so that ordinarily the ratios of these major con-
stituents one to another can not serve to discriminate between
ocean water and connate water as the particular cortaminant.
The general nature of these reactions is described in the next
paragraphs as a necessary background for the descriptions of
contaminated waters and contaminated areas to follow.

BASE-EXCHANGE REACTIONS
PRINCIPLES

The exchange of bases between ground waters and their con-
taining materials whereby the water is modified in its ratios of
calcium, magnesium, and sodium to one another without sub-
stantial change in concentration has been offered by Renick
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(1924) as the explanation of certain native soft waters in the
interior United States, and by Foster (1942) to account for the
softening of certain salty ground waters in coastal areas of the
eastern and southeastern United States. That this process goes
on extensively has become well established. Briefly, in the
“glauconitic” minerals and in certain clay-forming minerals the
bases (calcium, magnesium, sodium, and potassium) are held
loosely in part, and can be held in variable proportions. In the
presence of a natural water with whose chemical ccmposition it
is not in equilibrium, any of these particular minerals (and
possibly some types of organic matter associated with sedimentary
deposits) has the property of releasing to the water a part of
the base or bases most loosely held and of adsorbing from the
water an equivalent amount of the base or bases for which it has
a stronger bond. This process of exchanging bases goes on until
an equilibrium is reached between the proportions of the several
bases in the mineral and in the water or until the exchangeable
bases are exhausted in one or the other. The effect in the chemical
character of the water is an increase in one or more bases and
an ion-for-ion decrease in one or more of the remaining bases.

The degree and readiness of base exchange seem to follow the
law of mass action—that is, if water or mineral holds some base
in large excess the exchange of that base for another proceeds
more readily (and ultimately to a greater degree?). Also, the
several bases differ greatly in their “exchangeabilities.” Thus,
Kelley and Liebig (1934, p. 360) state that:

The replacing power, or what is sometimes called the energy of replace-
ment of the different metallic cations, differs widely. It is well established
that caleium possesses high replacing power; magnesium stands next, fol-
lowed by potassium and then by sodium. This means that sodium clay is
relatively easily converted into calcium clay.

In other words, regarding readiness of displacement from an
exchange-mineral by a natural water, the decreasing rank of the
common bases is sodium, potassium, magnesium, then calcium.
Other conditions being equal, a natural water is softened much
more readily than hardened by base exchange, so that the relative
abundance of naturally softened waters is not astonishing.

These principles explain statements by Kelley (1939, p. 455)
to the effect that if a sediment containing exchange-minerals
saturated in calcium is leached for a long time with a dilute solu-
tion of sodium chloride only a “limited” amount of the calcium is
exchanged into the water, and that a fairly concentrated solution
of sodium chloride is required to displace all the adsorbed and
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replaceable calcium of the sediment; but if a sodium-saturated
sediment is subjected to prolonged leaching with a dilute solu-
tion of a caleium salt, practically all the exchangeable sodium
ultimately will have passed into the water, provided the spent
solution can drain off effectively. They offer an explanation of the
seemingly anomalous results of recent base-exchange exp-riments
by Spencer and Murata, which indicated that certain pure clays,
~when transported to the ocean by rivers, released 3 parts of cal-
cium to the ocean water but adsorbed 1 part of magnesium and
presumably 2 parts of sodium—amounts recomputed in terms
of chemical equivalents (Bramlette and Bradley, 1940, pr. 20-21).

The seeming anomaly of these results is that the clay adsorbed
half as much magnesium as sodium, whereas the large relative
excess of sodium in the ocean water might casually be taken to
indicate that magnesium should have been released rather than
adsorbed. However, the exchange-minerals of the clay presum-
ably had been in equilibrium with river water in which the ratio
of calcium to magnesium presumably was greater than 1, and
were transported into ocean water in which that ratio was about
0.2 (in terms of chemical equivalents). Thus, in comparison with
ocean water the clay doubtless was substantially defcient in
magnesium as well as obviously deficient in sodium. The results
of these experiments bear directly on base-exchange modification
of water in the area.

BASE-EXCHANGE IN CONTAMINATED WATERS

In certain strongly contaminated waters of the area the con-
tent of chloride reaches several thousand parts per million but
among the bases the corresponding increase is largely ir calcium
rather than in sodium (for example, see pp. 105-107). Without
known exception, these waters in which the contents of chloride
and calcium both are abnormally large have been drswn only
from wells that first yielded water of good chemical quality.
Under these circumstances and because available analytical data
seemingly are adequate to preclude any native calcium chloride
water in a concentration sufficient to have caused the contamina-
tion by simple admixture, it is concluded tentatively that the
ordinary contaminant is either ocean water or brine of connate
origin, and that base-exchange reactions in the contaminated
zones have substituted calcium (and locally some magnesium)
for a large part of the sodium in the contaminating water. In
other words, the strongly contaminated waters have been hard-
ened by base-exchange reactions. The degree of harcening is
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extraordinarily great, as is brought out specifically in the follow-
ing study of the contaminated-water areas. As background for
this study, it is pertinent here to review certain geochemical
features of the native uncontaminated waters.

Thus, among the native waters of good chemicel quality, it
has been brought out that calecium bicarbonate waters of meteoric
origin occupy the deposits of Recent age, and the successively
underlying latest Pleistocene and unnamed upper Pleistocene de-
posits; also that in the still deeper San Pedro formation calcium
bicarbonate waters occupy two lobes which extend coastward
from the Whittier Narrows and from the Santa Ana Canyon, and
whose vertical range extends downward roughly through the
upper half of the formation in the inland part of the area but
only into the topmost part of the formation near the coast. At
depths greater than this range of calcium bicarbonate waters,
the native waters of good quality pass into sodium bicarbonate
waters whose chemical quality is the result of natur~l softening.
(See pp. 36-38). Table 9 suggests the average ratios between the
several bases in the native waters according to vrater-quality
ranges, and brings out the effects of natural softeming in the
Silverado zone and in the lower part of the San Pedr» formation.

TABLE 9.—Approximate average ratios between constituents in the native
fresh waters of good chemical quality

[In terms of equivalents; based on average chemical characters as shown in table 4]

Ratlos

‘Water-quality range (;Jalcium Caletum M'ag- t?lcai-
© mag- nexum onate
nestum | o sodium | e qium | to sulfate

»
-
-
©

Unconfined waters ... oe o eiiman 0.8 3.8

Confined waters:

Gaspur water-bearing zone (rangel )._...
Talbert water-bearing zone (range 1).__.
Uppermost Pleistocene deposits (range 2 -
Unnamed upper Pleistocene deposits (range 3).____
Uppermost part of San Pedro formation (range 4)..
Upper part of San Pedro formation, beyond the
Silverado water-bearing zone (range 5)..___......
Upper part of Silverado water-bearing zone (range 5).
Lower part of San Pedro formation, beyond the
Silverado zone (range 6) . ... oceeo ..
Lower part of Silverado water-bearing zone (range 6).
Basal division of San Pedro formation (range 7).-

e W e
G vukuD
"o Gomko

gi—li-l
ES on mowwmewos

S W oM
O N© oo in

SRR
(=3
@

Base-exchange materials doubtless exist in the water-bearing
materials of the area, especially in the San Pedro formation, and
under native conditions their exchangeable bases presumably have
been in proportions essentially at equilibrium with those of the
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native waters as shown in table 9. Thus before influx of a con-’
taminant, the existing base-exchange materials were at equili-
brium with waters containing fewer than 500 ppm of dissolved
solids, in which the calcium-to-magnesium-to-sodium ratio was
1.8 to 0.6 to 1, ranging from the surface downward roughly to
the Silverado water-bearing zone in the vicinity of Long Beach
and Wilmington (see pl. 9), and elsewhere through approximately
the upper half of the San Pedro formation. At increasingly
greater depths this ratio passed to about 0.09 to 0.01 to 1 in the
basal division of the San Pedro formation. (Ratios are in terms
of equivalents.) In contrast, the corresponding ratio for standard
ocean water is 0.04 to 0.2 to 1, and for the connate waters of
table 29 the ratio is about 0.06 to 0.04 to 1 on the average but
ranges from 0.15-0.02 to 0.12-0.002 to 1 among the 20 repre-
sentative waters.

From these ratios it is inferred that with an influx of ocean
water into the zone of native calcium bicarbonate waters the
base-exchange minerals would release calcium in corsiderable
amount, and magnesium in a much smaller amount or not at
all, and they would adsorb sodium. Thus, the contaminated water
would contain much more calcium and possibly more magnesium
than the theoretical mixture of native water and contaminant,
and its content of sodium would be less than the theorstical by
the amount of the increase in calcium and magnesium (in terms
of chemical equivalents). Likewise, if the sodium bicarbonate
waters of the lower part of the San Pedro formation were
contaminated by ocean water, less and less calcium znd mag-
nesium should be released from base-exchange mineral~ in suc-
cessively deeper zones until in the basal division of the San
Pedro formation the contaminated water would differ very little
from the theoretical mixture and that difference would be main-
ly in loss of magnesium. On the other hand, with an influx of
the connate water into the zone of calcium bicarbonate waters,
the actual contaminated water should contain considerably more
calcium and more magnesium than the theoretical mixture; and in
those connate waters of least magnesium-to-sodium ratio, the
gain in magnesium might be substantially more than the gain
in calcium. At the other extreme, with influx of connzste water
into the basal division of the San Pedro formation, there would
be only a moderate gain in calcium, from a small gain to a mod-
erate loss of magnesium, and a compensating loss in sodium.
Thus, it would seem that only connate water could have caused
contamination in which the magnesium content of the product is
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" substantially greater than that of the theoretical mirture, espe-
cially if the excess of magnesium is greater than the excess of
calcium. However, the converse is not true: magnesium defi-
cieney could occur with contamination either by ocesun water or
by certain of the connate waters.

SULFATE REDUCTION

Many contaminated waters in the area contain less sulfate and
more bicarbonate than would result from simple mixture of
native water and contaminant in the proportions indicated by the
several amounts of chloride. This sulfate deficiency doubtless is
due to sulfate reduction—a reaction which is not fully under-
atood, but which goes on commonly in the waters of sediments
~aat contain organic matter, and which has the effect: of a mole-
cule-for-molecule substitution of bicarbonate for sulfate in the
water. Various aspects of this reaction have been treated by
Bastin and others (1926, p. 21), Behre and Summerbell (1934,
p. 39), Jenny (1903, p. 445), Rogers (1917, p. 99), and Foster
(1942, pp. 848-850).

In the native waters of good quality the bicarbonate-to-sulfate
ratio is about 3.8 in zones between land surface and about mid-
depth in the San Pedro formation, that is, in the native calcium
bicarbonate waters. In zones still deeper the ratio increases to
nearly 70 in the basal division of the San Pedro. In contrast, the
bicarbonate-to-sulfate ratio in standard ocean water is 0.04, and
for the connate waters is 132 on the average but ranges from
1,190 tc 1.1 among the 15 representative analyses which report
sulfate in table 29. Three additional analyses in that table report
no sulfate; in such waters the ratio equivalent would be very
large. Even though the native waters and these prin-ipal native
contaminants differ so much in their bicarbonate-to-sulfate ratios,
in the contaminated waters the sulfate commonly has been re-
duced to the point that it cannot indicate the source of the con-
taminant.

CRITERIA FOR DISCRIMINATING CONTAMINANTS

Of the major dissolved constituents in the native fresh waters
and native contaminants in the Long Beach-Santa Ana area,
only chloride probably remains chemically inert in the zones of
contamination. Henece, the amount of this constituent in a brine-
contaminated water can be taken with assurance to indicate the
proportion in which native water and brine have corie together,
provided the source of the brine and its chemical comvosition are
known or reasonably can be inferred. In the contamirated water,
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owing largely to exchange of bases and reduction of sulfate, the
amounts of all other major constituents commonly are so much
greater or so much less than in a simple mixture of the propor-
tions indicated by the amount of chloride, that no single major
constituent or ratio between such constituents affords an in-
fallible means of discriminating between ocean water and connate
water as the particular contaminant.

In certain areas of small extent, bases have been exchanged
or sulfate has been reduced only to a slight degree so that the
identity of the contaminant is obvious from the composition of
the contaminated water, but this condition is the exception rather
than the rule. In contaminated waters that have been substan-
tially modified, a content of magnesium considerably greater than
that of the theoretical mixture may identify the contarminant as
a connate brine, but this criterion must be applied ciscreetly.
Likewise, sulfate may identify ocean water provided its amount
is greater than could have been introduced by any connate water
in the absence of reducing conditions. '

Discordance in the minor constituents of ocean water and of
connate brines affords some basis for discriminating these as
contaminants (see table 8), as follows:

Barium (Ba) exceeding a few tens of parts per million in a
contaminated water is presumptive evidence that the contaminant
is a connate brine. However, so large a quantity of barium can
not remain dissolved in the presence of plentiful sulfate and, fol-
lowing reduction of its sulfate, a water contaminated from the
ocean might dissolve barium from the containing materials.

Borate (BO;) in amounts such that in the constituents added
by contamination the chloride-to-borate ratio is substantially less
than 750 in terms of parts per million, or less than 415 in terms
of equivalents, would be presumptive evidence of contemination
by a connate water. However, the borate content in native waters
of good quality ranges from 0.3 to 2.7 ppm, so that the amount
of this constituent in a contaminated water is not a sersitive in-
dicator of the source. Borate presumably is inert in the zones of
contamination.

Iodide (I) exceeding a few tenths of a part per million would
indicate contamination by connate brine. However, ther> is some
disagreement as to whether iodide remains inert in the zone of
contamination, and whether its virtual absence necessarily would
indicate contamination by ocean water.

Bromide (Br) in amounts such that in the constituents intro-
duced by contamination the chloride-to-bromide ratio is substan-
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tially less than 290 in terms of parts per million, or less than 650
in terms of equivalents likewise would be presumptive evidence
of contamination by a connate brine. Because the bromide in
standard ocean water is roughly a third of the greatest amount
known in the connate brines, this constituent is not sensitive as
an indicator of source of contamination. Presumably bromide is
inert in the zones of contamination.

In this area the Geological Survey, by preliminary spectro-
graphic determinations, explored the possibility that inert trace
elements might afford a sharp distinction' between ocean water
and connate waters as sources of contamination. The procedure
was unsuccessful, not only because the assemblages of trace ele-
ments in the two potential contaminants were fourd to be es-
sentially identical in the particular samples studied, but especially
because the native fresh water of good quality was found to
contain by far the greatest variety of such elements:

Accordingly, for any fufther investigation of water contamina-
tion in the area or its vicinity it appears highly desirable to
determine barium, borate, and iodide in all analyses of con-
taminated waters, as the most promising indicators for discrimi-
nating ocean water from brine of connate origin as the cause of
contamination. For the purposes of this investigation, it is un-
fortunate that these three constituents had been determined in
relatively few of the many analyses available for interpretation.

DEPRECIATION OF WATER QUALITY IN ORANGE COUNTY
CONTAMINATION IN SANTA ANA GAP
GEOLOGIC FEATURES

The Santa Ana Gap, the easterly of the most critical two dis-
tricts of water-quality depreciation in the area, is floored by
deposits of Recent age from land surface to a depth ranging
from 120 to 160 ft. An upper division of these deposits consists of
silt, elay, and fine sand in interfingered beds, is from 60 to 90 ft
thick, and is of low permeability. It contains a body of semi-
perched water which is largely unconfined and natively of very
inferior chemical quality near the coast, and which has essentially
no hydraulic continuity with the main body of corfined water
below.

A lower division of the Recent deposits in this gap, the Talbert
water-bearing zone, is composed chiefly of gravel but locally of
sand in its upper part, ranges in thickness from 40 tc 100 ft, and
spans essentially the full width of the gap. (See pl. 11.) This
water-bearing zone extends inland into the Santa Ana Canyon
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and under natural conditions has functioned as a ground-water
artery which conveyed fresh water from its inland forebay area
far into the gap and probably into the ocean.

The Talbert water-bearing zone rests directly on deposits of
Pleistocene age, probably the San Pedro formation in large part,
which within the gap includes permeable and impermesable beds
in succession, and which are rather complexly deformed. Thus,
certain faults*(pl. 11) here divide the Pleistocene intc several
distinct blocks which greatly affect water circulation and reach
of contamination. The inferred or known faults fall into two sets,
one trending southeast across the gap and the other trending
somewhat east of north.

Of two known faults or fault zones that trend southeastward
parallel to the coast, one which is about 114 miles inland passes
through the intersection of Cannery and Atlanta Avenues and is
believed to be the master fault of the Newport-Inglewood struc-
tural zone; the other is parallel, a mile to the south, and a third
of a mile from the coast. Between these two, a mile-wide block
of Pleistocene water-bearing deposits is downthrown to the
south. A third fault which also strikes southeast is inferred to
dislocate the Pleistocene of the Newport Mesa still farther inland,
and to cross Adams Avenue near the south quarter cnrner of
sec. 4, T.6S.,,R. 10 W.

Beneath the easternmost part of the gap the Pleistocene is cut
by an inferred fault, or shear zone, which strikes roughly north
nearly along Wright Street, and which extends some 2 miles in
that direction from a point on the master fault in the southeast
quadrant of Bushard and Hamilton Streets. The chemical char-
acter of waters suggests that this so-called Wright Street fault
may extend southward beyond the terminus shown on plate 11.
Along it the deposits of Pleistocene age are downthrown to the
east, and the displacement is about the same as that at the master
fault.

Each of the faults here described appears to be a zone of close
shearing rather than a single plane of rupture; seemingly none
extends into and dislocates the Talbert water-bearing zone above.
Across them there is sensibly no physical continuity of water-
bearing beds in the Pleistocene and there seems to be no kydraulic
continuity except that afforded by the overlying and interconnect-
ing regional ground-water artery, that is, the Talber: water-
bearing zone. Thus, hydrologically the Santa Ana Gap is under-
lain by three distinct blocks.

In the mile-wide block on the coastward side of the master
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fault, the Talbert water-bearing zone rests upon beds of sand
and gravel which there constitute the Pleistocene, which at the
abandoned well field of the city of Newport Beach (6/10-18K)
extend at least to 330 ft below land surface, and which over all
the block extend to 300 ft on the average. Although these beds of
sand and gravel alternate with silt and clay at least locally, all
seem to be in essential hydraulic continuity with one another and
with the Talbert zone above. .

In the up-faulted block to the north, for about a mile inland
from the master fault and westward from the north-trending
fault near Wright Street, the Talbert water-bearing zome rests
directly on impermeable rocks of Pleistocene age and these in turn
on rocks of Pliocene age which contain no water-bearing beds at
least to 1,000 ft below land surface. Here, therefore, is an effec-
tive barrier to inland movement of salt water through the Pleisto-
cene, for across this mile-wide reach only the Talbert is water-
bearing.

Still farther inland within this same block, beginning near the
intersection of Cannery and Adams Avenues, the Talbert water-
bearing zone rests on northward-dipping beds of sand and gravel,
silt, and clay which are of Pleistocene age, and which thicken
northward to 2,000 ft or more in the vicinity of Santa Ana. These
Pleistocene deposits include productive water-bearing zones which
probably have substantial hydraulic continuity with the overlying
Talbert zone.

In the easternmost of the three blocks—that which extends east-
ward from the so-called Wright Street fault and which is down-
faulted—the Talbert water-bearing zone seems to be underlain
by successive water-bearing beds of Pleistocene age, of which the
deepest reached by wells is about 300 ft below land surface. As
is shown later, however, the native water in the several water-
bearing zones here is markedly variable in chemical character,
a condition suggesting that structural and stratigraphic traps—
caused jointly by disconformities and by shearing in and near
the fault zone—here impede free circulation of water within the
Pleistocene and between the Pleistocene and the overlying Tal-
bert zone. Thus, in this eastern block, the Talbert zone and the
permeable deposits of the underlying Pleistocene do not constitute
a single hydrologic zone as in the coastal block. Regarding the
Pleistocene alone, however, it is believed that the permeable beds
beneath this eastern segment of the Santa Ana Gap are in partial
hydraulic continuity with those that underlie the central part of
the Newport Mesa.
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This general conception of the position, thickness, extent, and
hydraulic continuity of water-bearing deposits beneath the Santa
Ana Gap is fundamental to the detailed examination of chemical
features that follows. Further details are presented in a separate
report on geologic features (Poland Piper, and others).

CHARACTER AND OCCURENCE OF NATIVE FRESH WATERS AND OF INTERIOR
CONTAMINANTS

It has been brought out that in the Talbert water-bearing zone
(the regional ground-water artery which extends through the
Santa Ana Gap to the ocean) the native or uncontaminatec waters
were of three types: (1) calcium bicarbonate water with dis-
solved solids from 250 to 350 ppm (see pl. 6 and table 4, s2nalyses
5/10-32C1 and 6/10-6B1), from the inland forebay area coast-
ward into the gap, or to within 114 miles of the master sontheast-
trending fault heretofore described; (2) calcium sodium bicar-
bonate water with about 250 parts of dissolved solids (p'. 6 and
table 4, analyses 6/10-8D2 and -18C2, 6/11-12C2), onward to or
nearly to the coast in the area west of the Santa Ana River and
probably east of the river locally; and (38) salty water with dis-
solved solids at least as great as 6,250 ppm, locally and rrobably
‘rather extensively east of the Santa Ana River southward from
Adams Avenue, also locally west of the river from Hamilton
Street toward the coast. The calcium bicarbonate water of the
inland reach is that which enters the Talbert at its forebay area
and thence moves oceanward, whereas the decidedly softer calcium
sodium bicarbonate water in the coastal segment of the gap is
believed to result from inblending of a small proportion of water
from the underlying Pleistocene with the water of inland origin.
In this connection, it is pertinent that the zone of transition
within the Talbert from the harder, inland water to the softer,
coastal water overlies north-dipping water-bearing zones in the
upfaulted Pleistocene block, zones which have been described and
inferred to be in hydraulic continuity with the overlying Talbert.
The salty water native in the Talbert water-bearire zone
beneath the easternmost part of the gap was first recordec by the
Mendenhall inventory of 1904. Thus, two wells then existing in
the Santa Ana Gap and less than 100 ft deep—nos. 1323 and 1324
of the Santa Ana quadrangle (1905a, p. 135; see also pl. 2)—pro-
duced water with approximate total solids of 930 and 1,550 ppm,
respectively; also presumably with several hundred parts of
chloride. These two wells were respectively 1,200 ft and 2,500 ft
south of Hamilton Street and both about 1,250 ft east of Pushard
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Street. The more northerly well of the two was just east of the
intersection of the Wright Street fault with the master fault of
the Newport-Inglewood zone (pl. 11) and only a quarter of a
mile southwest of the present well field of the Fairview Farms
Water Co. and the Newport Mésa Irrigation District. (See pp.
112-120.) Both wells presumably tapped only the Talbert zone,
and both flowed by artesian pressure. It is believed that the salty
water of these wells probably was not of depreciated quality as
of 1904 but was native in the Talbert of the vicinity, alro that
this occurrence of salty water in the Talbert under native con-
ditions was due to the inblending of a small connate-water com-
ponent from the underlying Pleistocene (see p. 61) with a large
component from the coastward-moving water of forebay origin.
Evidently, therefore, the head of the water in the Talbert, as of
1904, locally was insufficient to prevent upward movement of
water from the underlying Pleistocene deposits, althougl suffi-
cient to preclude all infiltration from the land surface or from
unconfined, shallow ground water. Also, this condition probably
existed before the natural pressure heads of the several water
bodies had been disturbed by the construction of flowing wells,
beginning about the seventies.

Within the mile-wide coastal block that lies south of the mas-
ter fault, the Pleistocene deposits, which underlie and are there
in hydraulic continuify with the Talbert water-bearing zone,
evidently contained water of good quality under native condi-
tions, at least locally. Thus, certain wells of the initial public-
supply field of Newport Beach (now abandoned), in the south-
east angle of Bushard and Hamilton Streets, there tapped the
Pleistocene and in 1925 under native conditions produced sodium
bicarbonate water containing only 248 ppm of dissolved solids
and 13 parts of chloride. Water of the same general chemical
character also has been found in the Pleistocene of the down-
faulted block to the northeast—specifically, in well 6/10-8D4
(city of Newport Beach, well 8); a bailed sample, taken in De-
cember 1934, while the well was under construction and 232 ft
deep, was of sodium bicarbonate water with 355 ppm of dis-olved
solids and 53 parts of chloride (table 30). Soft, sodium bicar-
bonate waters such as encountered in the two wells just de-
scribed are presumed to be or to have been native and extensive
in the uppermost part of the Pleistocene that is in hydraulic
continuity with the overlying Talbert water-bearing zone beneath
the greater part of the Santa Ana Gap.

However, within the down-faulted block east of the Wright
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Street fault the native waters in the Pleistocene deposits are
generally of variable and somewhat inferior quality. Thus, in
the southwest angle of Hamilton Street and the Santa Ana River,
well 6/10-18J6 (well 1 of the Newport Mesa Irrigation District,
about 1,200 ft west of the river and just south of Hamilton
Street) was drilled 332 ft deep in 1918 or 1919 and its casing
was then perforated from 194 to 222 and from 265 to 314 ft
below land surface, or wholly in Pleistocene deposits. According
to an analysis of February 1921, the water presumably there
drawn from the Pleistocene contained 255 ppm of chloride and
679 parts of dissolved solids. (See table 30.) Subsequently these
perforations have been plugged off and the casing reperforated
from 65 to 101 ft below land surface, or wholly in the Talbert
zonhe, presumably to obtain water of better quality. At almost the
same location, well 6/10-18J9 (Fairview Farms Water Co., well
1) in 1925 produced water with a chloride content of 121 parts
per million; the total-solids content was 436 ppm, or es~entially
identical with that of 1904 at the same place (see pl. 2). This
well is reported to have been perforated from 150 to 300 ft be-
low land surface, largely in the Pleistocene but probably partly
in the Talbert water-bearing zone. Also, well 6/10-18J8 (New-
port Mesa Irrigation District, well 3) was drilled to a depth of
165 ft about 1931; its casing never was perforated because its
water was “salty as ocean,” according to unconfirmed report.

About half a mile to the southeast, roughly a mile from the
coast and 0.1 mile east of the Santa Ana River, well 6/10-20D1
was drilled in 1924 and is reported to have tapped salty water
from 220 to 240 ft below land surface.

East of the Santa Ana River and north of Hamilton Street,
two wells are reported to have been drilled in 1913 for the Fair-
view Farms Water Co. (6/10-17C1 and —17E1), but at that time
were not placed in service owing to the high salt content in the
water, (See p. 126.) A third and adjacent well completed in 1922
to a depth of 16114 ft produced water with 548 ppm of chloride,
and a sample from its water surface in early 1932 contained 682
parts of chloride. This third well tapped gravel from 124 to 159
ft below land surface, and presumably derived at least part of its
water from Pleistocene deposits.

About a mile still farther north and just east from the north
terminus of the Wright Street fault as drawn on plate 11, well
6/10-8D4 (city.of Newport Beach, well 8) in 1934 encountered
sodium sulfate water in a concentration of 3,250 ppm of total
solids—at a depth of 270 ft below land surface and in the Pleisto-
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cene, but at a depth only 38 ft below the soft, sodium bicarbonate
water already described. (See table 30.)

About 0.65 mile to the east, well 6/10—-8B2 has its casir~ per-
forated only in the San Pedro formation and produces water con-
taining nearly 100 ppm of chloride. Evidently, the boundary of
the native water of inferior quality in the Talbert water-b~aring
zone and in the uppermost part of the underlying San Pedro
formation passes between this well and well 8D4 to the wast.

With the single exception of well 6/10-8D4, which is in an area
of waters not now contaminated, these reported instances of salty
water tapped by wells in the Santa Ana Gap antedate by several
years the earliest incipient depreciation of water quality known
to have been caused by influx of saline contaminant. Thus, all are
believed to pertain wholly to native conditions of water occur-
rence, All apply to the down-faulted block of the Pleistocene
east of the Wright Street fault, and analogous conditions are not
known to have occurred elsewhere within the gap.

These native salty waters, which do not range widely in chem-
ical composition, must exist because water circulation is impeded
in the block of the San Pedro formation by which they are con-
tained, and is impeded by structural traps along the margins of
the block and by lithologic discontinuities within the block. Essen-
tially, however, they are believed to be the somewhat diluted “top
waters” and “edge waters” associated with a body of more salty
water that seems to be relatively extensive beneath the central and
southern parts of the Newport Mesa. The extent of this more
salty body is suggested in the data by Mendenhall in 1904, which
are summarized on plate 2 and which indicate native waters con-
taining 1,000 ppm or more of dissolved solids in the area gen-
erally east of the Santa Ana River and south of Adams Avenue.
That is, the body is roughly coextensive with the down-faulted
block here recognized. The chemical character of this saltier body
is suggested, though probably not shown in all its variations, by
the analyses of a formational sample taken from the San Pedro
(?) formation in well 6/10-8D4 (table 30, analysis 3) and of a
sample bailed from the bottom of well 6/10-18J2 on April 12,
1945 (table 30, also). These two wells are in the eastern part
of the Santa Ana Gap; both are only a few hundred feet e~st of
the so-called Wright Street fault, and near either end of that
fault as shown on plate 11. Flowing well 6/11-13Q1, which is mid-
way across the gap and near the coast, taps a body of salt water
whose chemical character is inferred to be similar to that of some
part of the salt-water body locally native in the Pleistocene de-
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posits beneath the Santa Ana Gap and the Newport Mesa. (See
analysis in table 29.)

This body of native salt water beneath the eastern part of the
Santa Ana Gap and beneath the adjacent central and snuthern
parts of the Newport Mesa has been inferred (p. 61) to be de-
rived from connate water trapped by the faults here described,
never wholly displaced by land-derived water, but diluted and
locally modified in composition since trapped. At least ir part it
was first under an artesian pressure head somewhat greater than
that on the Talbert water-bearing zone, so that wherever there
was hydraulic continuity its waters would have tended to move
westward and upward into the Talbert of the Santa Ana Gap,
as in the vicinity of wells 1323 and 1324 of the report 'y Men-
denhall. However, such movement presumably would ke effec-
tively checked at the Wright Street fault, along which water-
bearing zones in the block to the east butt against impermeable .
rocks in the mile-wide reach inland from the intersection of
Bushard and Hamilton Streets, and across which there appears
to be little hydraulic continuity at any place. This natursl move-
ment of salt water would be quickened by any drawdown of the
fresh-water head incident to withdrawals, and has been quickened
in this way by the sustained withdrawals from the Talbert zone
over several decades. Under these conditions the main body of
trapped salty water, also its top and edge waters of inferior
quality, all constitute an interior source of contamination in the
Santa Ana Gap.

Certain features of the occurrence of native water along the
east side of the Santa Ana Gap are especially well shown by data
from the active well field of the city of Newport Beach, which
is in sec. 8; T. 6 S., R. 10 W., in the southeast angle of Adams
Avenue and Wright Street. During construction of well 6/10-8D4
(city no. 8) of this field in December 1934 and early 1935, samples
of water were taken from successive permeable zones and at vari-
ous stages of the development work, and under service conditions
the well has been sampled recurrently since March 193F. Ana-
Iytical data and conditions of sampling are set forth in table 30
and most of the analyses are shown graphically on figure 8.

A sample from the San Pedro formation in this well at 270 ft
below land surface (fig. 8 and table 30, analysis 3) was a sodium-
sulfate water containing 3,253 ppm of dissolved solids (among
the few for which comprehensive analyses are available, only one
other water of modified connate origin from the Pleisto~ene of
the Santa Ana Gap and vicinity contains more dissolved solids).
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FIGURE 8.—Chemical character of waters from well 6/10-8D4
(city of Newport Beach, well 8). Area of circles is propor-
tional to total dissolved solids in the various samples. Let-
ters refer to analytical data and to statement of conditions
of sampling in table 80. (After analyses by city of Long
Beach Chemical and Physical Testing Laboratory and by

. Dr. Carl Wilson, water technologist, of Los Angeles.)

In contrast, another sample from the San Pedro, after the casing
of well 8D4 had been perforated through a 30-ft reach onl;r 29 ft
above this modified connate water was a sodium bicarbonate
water containing only 26 ppm of chloride and 280 parts of all dis-
solved golids (analysis 4). Still another sample, taken af'er the
well had been plugged back to a depth of 198 ft and its casing
reperforated from 86 to 106 ft below land surface, or wholly
in the Talbert zone (analysis F), was of calcium bicarbonate
water containing 16 ppm of chloride and 229 ppm of 2ll dis-
solved solids. All three of these waters are native at their respec-

tive depths below land surface.
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Under subsequent variable conditions of service the chemical
quality of water drawn from the well has fluctuated between that
of the native water of the Talbert zone and that of the native
sodium bicarbonate water in the underlying San Pedro forma-
tion; that is, between waters in which the sodium-to-calcium
ratios are 0.70 and 4.27 (in terms of chemical equivalents). Evi-
dently, some water has been withdrawn from the San Pedro
owing to leakage past the plug at 198 ft, to movement of water
upward along the well casing, or to some natural hydraulic con-
tinuity between the Talbert and the San Pedro close at hand.
However, this variability in chemical character indicates only
that waters native to the Talbert zone and to the San Pedro
formation are drawn into the well in an inconstant proportion;
in no sense does it indicate any depreciation in water quality with-
in the water-bearing beds, and probably does not indicate that sus-
tained withdrawal has caused water of the San Pedro to migrate
beyond its native zone. As of 1943-44, the contaminated water
front in the Santa Ana Gap was more than a mile to the south.

GENERAL EXTENT OF THE CONTAMINATED WATERS

Data now available indicate that the chemical quality of the
water withdrawn from wells in the Santa Ana Gap began to de-
preciate before 1927 when incipient depreciation occurrad in cer-
tain wells about a mile inland from the coast. However, the
extent and degree of water-quality depreciation at that time are
not known. The earliest comprehensive analytical data on the
waters of the gap were obtained by local agencies beginring about
1930, by which time waters containing more than abort 50 ppm
of chloride occupied roughly 1,900 acres in the Talbert water-
bearing zone along the coast. (See pl. 11A.) In the area west
of the Santa Ana River and north of Hamilton Street, also west
of the Wright Street fault and south of Hamilton Street, these
waters had been depreciated in quality by influx of a contami-
nant high in chloride content. In this area well 6/11-13P1, which
is about 114 miles southeast of Huntington Beach and 300 ft
inland from the coast, in 1931 yielded water with a chloride con-
tent somewhat more than 18,000 ppm, that is, water with essen-
tially the same chloride content as that of the ocean. 2lso, from
the Huntington Beach Mesa eastward roughly to Cannery Avenue
the inland fringe of the contaminated waters (approximately
shown on plate 11 by the line of 50 ppm of chloride) was be-
tween 0.9 and 0.4 mile from the coast; beyond Cannery Avenue
the fringe of contaminated waters swerved sharply inland and
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trended northeast to merge with that of the natlve inferior waters
east of the Santa Ana River.
By 1944 the water produced from well 6/11-13K2 (about a
quarter of a mile inland from well 13P1) had increased in
chloride content to about 18,000 ppm; thus, it would seem that
in the preceding 12 years water as salty as that of tI's ocean
had advanced at least a quarter of a mile. Also, in tho~e 12 yr
the area of contaminated water in the Talbert zone had increased
from 1,900 to 2,400 acres (see pl. 11B). From the Huntington
Beach Mesa to within a quarter of a mile of Cannery Avenue, its
fringe had moved inland between 0.1 and 0.35 mile, and from
Cannery Avenue to Bushard Street had moved inland 0.7 mile.
The greatest inland movement of the fringe, in the vi-inity of
Cannery Avenue and Bushard Street, coincided with the area of
heaviest withdrawals in the Santa Ana Gap during the period.
Still farther east, beyond Wright Street, the line of 50 ppm of
chloride had been sensibly immobile; there, the line continued fo
represent the front of waters naturally inferior in chemical
character.

PROGRESSIVE DEPRECIATION OF WATER QUALITY AT PUBLIC -SUPI'LY WELL
FIELDS

The most comprehensive information about the marmner and
degree of water-quality depreciation in the Santa Ans Gap is
afforded by analytical data from three public-supply we'l fields:
the abandoned field of the city of Newport Beach, in tt« south-
east angle of Hamilton and Bushard Streets; the field of the
Laguna Beach County Water District, about half a mile to the
north, in the southwest angle of Bushard Street and Atlanta
Avenue; and the common field of the Fairview Farms Water Co.
and the Newport Mesa Irrigation District, in the southwast angle
of Hamilton Street and the Santa Ana River. Water-quality de-
preciation in these fields is reviewed later, particularly to bring
out a striking difference in the manner and degree of the de-
preciation on either side of the so-called Wright Street fault.
Of these several fields the abandoned field of the city of Newport
Beach and the field of the Laguna Beach County Water District
are west of the fault, whereas the field of the Fairviev Farms
Water Co. and the Newport Mesa Irrigation District ir east of
the fault.

ABANDONED WELL FIELD OF THE CITY OF NEWPORT BEACH

For public supply at Newport Beach, withdrawal of water from
the municipal well field in the southeast angle of Bustard and
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Ficure 9.—Chloride content of water from three public-supply wells of the city of
Newport Beach (abandoned field), 1927-1937.

Hamilton Streets began about 1914. Seven wells ultimate'y were
included in the field and for three of these—6,/10-18K1, —-18K2,
and -18K3 (Newport Beach, wells 4, 6, and 5, respectively)—
recurrent chemical analyses are available. (See table 30.) From
these analytical records and other data, figure 9 has been pre-
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pared to suggest the progressive depreciation in water quality
which led to abandonment of the field about 1934.

Of these three wells for which recurrent chemical analyses are
available, well 18K1 was 234 ft deep and drew its water largely
from the Talbert water-bearing zone but in part from the under-
Iying Pleistocene, probably the San Pedro formation; well 18K2
was 330 ft deep but drew only from the Talbert; and well 18K3
was 336 ft deep and draw only from the San Pedro. All three
(also the remaining wells of the field) are in or immediately south
of the shear zone that constitutes the master fault of the New-
port-Inglewood structural zone and so, because details of strati-
graphy and of geologic structure are not clear, the degree of
hydraulic continuity among the several water-bearing zones
tapped is uncertain: among the several zones of the San PPedro
and among these and the Talbert alike. The native or uncon-
taminated waters first drawn from the wells differed somewlat in
chemical character, as is shown in table 30 by the analyses for
18K3 as of August 1927 and for 18K1 as of September 1929.
However, in the ensuing progressive depreciation the waters from
all three trended toward a common chemical character, indicating
contamination from a common source high in chloride content.
Characteristically, the contamination has involved an incresse in
chloride and calcium in nearly equal proportions, and virtually
complete removal of sulfate.

Figure 10 diagrams the general chemical character of the
native and contaminated waters from well 18K1 from 192¢ into
1935, and three potential contaminants. Specifically, the potential
contaminants are taken to be represented by the waters of wells
6/11-13Q1 and 6/10-18J2 (bottom sample of April 1945; see
table 30 and p. 119), also of the ocean (table 29). With tle ex-
ception of the analysis of November 1933 and within limits of
analytical error, the several waters from well 18K1 plot on this
diagram in a straight line between the native, uncontaminated
water of September 1929 and the most highly contaminated
wafer of June 1936. This straight-line trend indicates progressive
contamination from a single source and in a common manner.
However, because their successive plottings do not trend tcward
the plotting of any one of the three potential chloride contami-
nants, the chemical characters of the contaminated waters can
not have resulted from a simple mixture of native water with
the contaminant. The principles of this manner of ploftine are
described in a separate paper (Piper, 1945, pp. 914-928).

The following table 10 compares the extremely contaminated
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well 6/10-18K1 (Newport Beach, well 4) in 1929-1936, also of potential
contaminants.

water from well 18K1 on June 30, 1936 and the hypothetical
mixtures of a “standard” uncontaminated water of thrat well
with three potential contaminants high in chloride content. For
the purposes of this table and in lieu of the analysis of September
1929 for well 18K1, the standard uncontaminated water is taken
to be represented best by the average of analyses for four ad-
jacent wells in 1925 (wells 6/10-7D1 and -7F1, 6/11-12C2 and
—12J1) before any known incipient contamination in tI'» area.
All three hypothetical mixtures have been calculated to a chloride
content identical with that of the contaminated water, because
chloride is the only major constituent not likely to be modified
by chemical changes in the zone of contamination. Contaminants
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high in chloride content, other than ocean water, connate v-aters,
and oil-field wastes (which are essentially brine of connate ori-
gin), are not known to exist in or near the Santa Ana Gap.

TABLE 10.—Contaminated water from well 6/10-18K1 in comparison with
hypothetical mixtures of the “standard’ native water of that w-ll with
three potential contaminants

Constituents
Mag- Bicar-
Calelum Sodium Sulfate | Chloride
nesium bonate
(Ca) Mg) (Na)t (HCO) (804 on
Parts per million:
Standard native water of Tal-
bert zone. ... ... _.....__. 42 5.1 4 206 32 10
Well 6/10-18K1, contaminated
water of June 30, 1936 (table 30) 468 kg 255 166 0 1,346
standard native water mixed
with bottom water of well
6/10-18J2. .« 80 79 778 400 14 1,346
Standard native water mixed
‘with brine of well 6/11-13Q1__ 97 11 811 158 24 1,346
Standard native water mixed
with ocean water_._...... ... 67 94 799 206 217 1,346
Equivalents per million:
6/10-18K1, June 30, 1936 __..._ 23.26 6.33 11.08 2.72 0 37.96
Mixture with 18J2_____ _— 4.47 6.51 33.84 6.56 .30 37.96
Mixture with 13Q1. 4.84 94 35.27 2.69 .50 37.96
Mixture with ocean water______. 3.36 7.76 34.73 3.38 4,51 37.96
Excess (+) or deficiency (—) of
the contaminated water with
respect to:
Mixture with 18J2._.______. +18.79 —.18 | —22.75 ~3.84 —.30
Mixture with 13Q1..________ +18.42 +5.39 —24.18 +.13 —.50
Mixture with ocean water..| 4-19.90 ~-1.43 —23.64 —.66 4,51

1 Includes equivalent of potassium (K).
2 Includes equivalent of carbonate (COs) if any.

As figure 10 has indicated and as the table shows specifically,
the contaminated water contains much more calcium and much
less sodium than any of the three hypothetical mixtures. Its
magnesium content is approximately equal to that of the mwixture
with the bottom water of well 6/10-18J2, is much more than
that of the mixture with the connate water of well 6/11-13Q1,
and is somewhat less than that of the mixture with ocean water.
Regarding the mixture with the connate water of well 13Q1, the
excesses in calcium and magnesium would be very nearly equiv-
alent to the deficiency in sodium. In other words, an ad-quate
exchange of bases would produce the actual contaminated water
from that particular mixture almost precisely; the transforma-
tion would be precise if base-exchange were accompanied by
reduction of sulfate or by precipitation of a small amount of
calcium as the sulfate or carbonate, or both. Conversely, in
comparison to the mixtures with bottom water of well 18J2
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and with ocean water, the contaminated water has an excess of
calcium but is deficient in all other major constituents. It could
have been produced from either of these particular mivtures
only by exchange of bases, accompanied by precipitation of cal-
cium in a considerable amount, and possibly with very intensive
reduction of sulfate in the mixture with ocean water.

Plate 12 depicts these chemical relations by columnar diagrams
of the successive analyses of contaminated water from well
18K1. However, the arrangement of these diagrams is advisedly
unconventional in four respects: (1) between left-hand and
right-hand diagrams that represent the standard native water
and a calculated mixture of that water with brine from well 13Q1,
respectively, the diagrams of the several contaminated waters
are spaced horizontally according to a linear scale for the per-
centage of native water in each, as calculated from the arounts
of chloride; (2) only in the left—- and right-hand diagrams are
bases and acids balanced against one another in the conventional
manner; (3) the several diagrams for the bases in the contami-
nated waters are placed vertically so that the sodium segments
bottom along a straight line connecting the bottoms of tha cor-
responding segments in the two marginal diagrams; and (4) the
diagrams for the acids are placed with the bottoms (and tops)
of the chloride segments alined likewise across the array.

With the contaminant correctly identified and the dizerams
so arrayed, the sodium deficiency of a contaminated water is
measured by the offset from the top of its chloride segment to
the top of its sodium segment. A net excess of calcium and mag-
nesium is measured by the amount that the bottom of the cal-
cium segment runs below the base line of the two marginal
diagrams. An excess or a deficiency in magnesium is measured
by the overrun or underrun, respectively, of the magnesium seg-
ment with respect to a straight line connecting the bottoms of
the corresponding segments in the two marginal diagramrs. An
excess or deficiency of sulfate is measured as is magnesium. Any
underrun by a diagram of bases measures the net amount of
analytical errors and of bases removed by precipitation. And any
overrun by a diagram of bases measures the net amount of
analytical error and of bases taken into solution.

Figure 11 shows the progressive contamination in a second
well of the field abandoned in 1934 by the city of Newport Beach.
Unlike the well whose contaminated waters have just been de-
scribed and which at first yielded the native calcium bicarhonate
water of the Talbert zone, this second well, 6/10-18K3, taps only
the San Pedro (?) formation beneath the Talbert zone and at
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FicURE 11.—Progressively contaminated water from well 6/10-18K3 (Newport
Beach, well 5) in relation to hypothetical mixture of native water from that well
with brine from well 6/11-13Q1.

first yielded the sodium bicarbonate water locally native to the
uppermost part of that formation. Table 11 compares the most
highly contaminated water of this second well with three hypo-
thetical mixtures of native water and potential contaminants.
The features shown by this table and figure are substantially
identical with those developed by the foregoing table 10 and
plate 12,

1t is concluded tentatively that the immediate cause of the pro-
gressive contamination at the abandoned well field of the city
of Newport Beach was an influx of connate water whose chemical
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composition was similar to that of brine 6/11-13Q1 or possibly
that of bottom water 6/10-18J2. The basis for that conclusion
and substantiating factual evidence are summarized under
“Sources of the contaminants.”

TABLE 11.—Contaminated water from well 6/10~18K3 in comparison with
hypothetical miztures of the native water of that well with three poten-
tial contaminants

Constituents

Mag- Bicar-
Calcium Sodium Sulfate | Chloride
Ca) | "Rior | Nay | pREa | 50 | (CD)

Parts per million:
‘Well 6/10-18K 3, native water of

Aug.1,1927 ... 31 0.4 65 225 12 23
Well 6/10—18K3 couta.minated

water of Aug. 10, 1934_________ 128 25 125 207 11 364
Native water mixed with bot-

tom water of well 6/10-1872_. 45 20 252 268 10 364
Native water mixed with brine

of well 6/11-13Q1_____.._______ 47 2.0 262 207 1 364
Native water mixed with ocean

water- . . ... 38 23 260 220 59 364

Equivalents per million:

6/10~18K3, Aug. 10, 1934_...__.._ 6.38 2.06 5.44 3.39 23 10.26
Mixture with 18J2__._____._____ 2.26 1.62 10.98 4.39 .21 10.26
Mixture with 13Q1...__.________ 2.32 .16 11.40 3.39 23 10.26
Mixture with ocean water__._.__ 1.91 1.89 11.29 3.60 1.23 10.26

Excess (+) or deficlency (—) of
the contaminated water with

respect to:
Mixture with 18J2________.__ +4.12 +.44 —5.54 —1.00 +. 02 ...........
Mixture with 13Q1____..____ +-4.06 +1.90 —5.96 0 00 ..
Mixture with ocean water__ +4.47 +.17 —5.85 —.21 —1. 00 ...........

1 Includes equivalent of potassium (K).
2 Includes equivalent of carbonate (COj3) if any.

WELL FIELD OF THE LAGUNA BEACH COUNTY WATER DISTRICT

The Laguna Beach County Water District was formed in 1925
and in 1926 drilled two wells, 6/10-18C4 and -18C2, along the
west side of Bushard Street about 950 ft and 700 ft, respectively,
south of Atlanta Street. A third well, 6/10-18C1, was drilled in
1939 about 500 ft north of 18C2 and 200 ft south of Atlanta
Street. All three wells tapped only the Talbert water-kearing
zone; the underlying Pleistocene at this point is essentiallv non-
water-bearing.

Figure 12 shows the available data on the chloride content of
the water from the three wells. Evidently in well 18C4 the
chloride content had increased appreciably by 1934 and then rose
sharply beginning in 1938, -whereas in well 18C2 (about 250 ft
to the north) the increase began after 1934 and first became rapid
in 1939. Owing to this depreciation in water quality, withdrawal
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FIGURE 12.—Chloride content of water from three public-supply wells of the Laguna
Beach County Water District, 1930-43.

for public supply ceased in mid-1938 at well 18C4 and in early
1944 at well 18C2. In well 18C1, the most northerly of the three,
the chemical quality of the water had not depreciated when last
sampled in February 1944.

Figure 13 shows the chemical character of the water in well
18C4 at 10-ft intervals from just below static level nearly to the
bottom of the well. At the time these samples were taken the
well had not been pumped heavily for about three years. This
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FIGURE 18,—Chemical character of water in well 6/10~18C4 (Laguna Beach County
Water District, well 1) on September 19, 1941.
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figure shows that throughout the reach of perforated casing,
from 100 to 163 ft below land surface, the chemical cheracter
of the water was constant and sensibly the same as that of the
sample last taken for analysis in August 1939 (see table 30);
however, at a depth of 180 ft, 17 ft below the perforations, the
salinity of the water increased sharply. Evidently in late 1941
the quality of the water in the aquifer was essentially identical
with that drawn from the well in 1939, but in the interim, water
of much poorer quality had accumulated in the bottom of the
well, either from the Talbert water-bearing zone or from the
overlying semiperched water of poor quality.

The following table 12 compares the contaminated water from
well 18C2 on July 31, 1942, and hypothetical mixtures of the
standard native water of the Talbert zone with the bottom water
of well 6/10-18J2, with the brine of well 6/11-13Q1, and with
ocean water. This comparison is analogous to those already made
between wells 6/10-18K1 and —f3Ks3 (Newport Beach, vrells 4
and 5; see pp. 104-109). As at the abandoned Newport Beach field
to the south, evidently the contamination at the field of the L.aguna
Beach County Water District has involved an increase in chloride

TABLE 12—Contaminated water from well 6/10-18C2 in comparison with
hypothetical mixtures of the “standard” native water from that well with
three potential contaminants

Constituents
Mag- Bicar-
Calcium Sodium Sulfate | Chloride
nesium bonate
(Ca) (Mg) (Na)t (HCOs)? (804) (&)}
Parts per million:
Standard native water of Tal-
bert water-bearing zone..._... 42 5.1 44 205 32 10
Well 6/10-18C2, contaminated
water of July 31, 1942 (table 30) 138 24 76 201 19 300
Standard water mixed with bot-
tom water of well 6/10-18J2__. 52 21 202 248 28 300
Standard native water mixed
with brine of well 6/11-13Q1_. 54 6.5 209 195 30 300
Standard native water mixed
with ocean water_....._...... 48 24 206 206 72 300
Equivalents per million:
6/10-18C2, July 31, 1942______.__ 6.89 1.97 3.30 3.30 40 8.46
Mixture with 18J2_.________.._. 2.62 1.74 8,76 4.07 59 8.46
Mixture with 13Q1._.____.._._. 2.69 .53 9.07 3.20 .63 8.46
Mixture with ocean water...._.. 238 2.01 8.95 3.38 1.50 8.46
Excess (+) or deficiency (—) of
the contaminated water with
respect to:
Mixture with 18J2. ___.___._ +4.27 -+-.23 —5.46 —77 =19 |l
Mixture with 13Q1.._.._.___ +4.20 +1.44 —5.77 +.10 =23 [eooais
Mixture with ocean water.. +4.51 —.04 —5.65 —.08 B B VN R

1 Includes equivalent of potassium (K).
2 Includes equivalent of carbonate (COs) if any.



112 GROUND WATERS—LONG BEACH-SANTA ANA ARTA

and calcium in nearly equal proportions, and a slight cecrease
in sulfate. This can be most simply explained as being due to
an influx of local connate water, together with exchange of bases
and a precipitation of a nominal amount of calcium as the car-
bonate or sulfate.

WELL FIELDS OF THE FAIRVIEW FARMS WATER CO. AND THE NEWPORT MESA
IRRIGATION DISTRICT

The well fields of the Fairview Farms Water Co. and the New-
port Mesa Irrigation District are along the south side of Hamilton
Street about 0.256 mile west of the Santa Ana River; they are
1,800 ft east of the abandoned Newport Beach field, and across
the so-called Wright Street fault from that field. Altogether,
eight wells had been drilled in the two fields between 1913 and
1930 but only three were in public-supply service as of 1944.
These three afford critical information on contamination east
of the Wright Street fault, and include:

6/10-18J1, Newport Mesa Irrigation District well 4, reportedly
drilled in 1930 to a depth of 270 ft. and its casing perforated
145-245 ft. below land surface, entirely in Pleistocene dep-sits
(probably San Pedro formation).

6/10-18J2, Fairview Farms Water Co. well 4, drilled in Febriary
1930 to a depth of 270 ft.; casing reportedly perforated 156-256
feet below land surface, entirely in the San Pedro (?) formation.
Analytical data indicate that some of its water is drawn from
the overlying Talbert water-bearing zone.

6/10--18J3, Fairview Farms Water Co. well 2, drilled in 1913 to a
depth of 290 ft. Casing reportedly perforated first about 150-300
ft. below land surface, that is, through a range wholly in the
San Pedro (?) formation.

The well fields of these two organizations were largely devel-
oped by 1920 but withdrawal did not peak until the early thirties.
Beginning in 1930, chemical analyses of the water withdrawn
from the three active wells have been made at random irtervals
(see table 30) ; figure 14 graphs the available records of chloride
content, These analytical data show not only that the general
quality of the waters has worsened steadily throughout th= term
of the analytical records but also, especially in wells 18J2 and
18J8, that the chemical quality of the successive samples has
fluctuated considerably., Of these two wells (which interfere
mutually when pumped), it will be shown that this fluctuation in
the quality of the water discharged by well 18J2 has been due
to blending—in varying proportions under unlike conditions of
pumping draft—of a local contaminant with waters from the
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FIGURE 14.—Chloride content of water from three public-supply wells of the Fair-
view Farms Water Co. and the Newport Mesa Irrigation District, 1970-45,

Talbert water-bearing zone and from the San Pedro(?) forma-
tion. Thus, the fluctuation in quality of the successive water
samples does not indicate necessarily that the contar~inant re-
peatedly has surged into and then partially withdrawn from the
vicinity of the well. (See p. 118.) This fluctuation has been least
in the samples from well 18J1, which taps the San Pedro (?) for-
mation not far from the fringe of the salt-water bcdy native
in that formation. It will be shown that the depreciation in water
quality was incipient at the time of the earliest analytical data,
1930-31.

Critical information about the immediate source of the con-
taminant at well 18J2 is afforded by figure 15 and figure 16, which
present data from tests of that well in August 1942 and April-
May 1945. Pertinent conditions and procedures of the tests are
as follows:

1. On August 27, 1942, water withdrawn by service pump at rate of
1,350 gallons a minute from 7:07 to 11:04 a.m., or for elapsed time 3 hrs.,
57 min. Samples taken repeatedly from pump discharge for determination
of chloride, soap hardness, and electrical conductivity. During test, bottom
of pump intake was about 72 ft. below land surface, so that within all except
the uppermost part of the well the water was drawn upward. Before this
test, service pump had been operated several hours each day.

2. On August 28, 1942, with the pump idle, vertical traverse run to deter-
mine range in the character of water standing in well, in terms of elec-
trical conductivity. (Poland and Morrison, 1940; Poland and F'per, 1942.)
Before this traverse the pump had been idle about 45 min following the



114 GROUND WATERS—LONG BEACH-SANTA ANA AREA

second of two runs which intervened after the pump test of the preceding
day, and whose total duration was 3% hr,

8. On April 12, 1945, with the service pump removed for repairs after
having been idle at least since April 5, another conductivity traverse run
and a sample of water taken about 1 ft above bottom of well. The analysis
of this sample is given in table 30; its chemical character is discussed on
page 1186.

4. On May 1, 1945, well having remained idle, water withdrawn at rate
of 30 gpm for half an hour. Test unsuccessful because test pump failed
owing to gas lock. However, two conductivity traverses run about 1% and
4 hr. after test pump stopped.

5. On May 5, 1945, with air lift test pump, water withdrawn at rate
between 200 and 300 gpm from 10 a. m. to 3:50 p. m., or for elapsed time
5 hrs., 50 min. Conductivity of water discharged was determined through-
out tést period; also, two conductivity traverses run to bottom of well after
pump had been operating 1% and 4 hr. During this test (also test of
May 1), bottom of intake pipe set 250 ft. below land surface, tc cause down-
ward flow of water within the well to within about 11 ft. of ifs bottom (as
determined by measurement).
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view Farms Water Co., well 4) during pumping tests of August 27, 1942, and
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In the test of August 27, 1942, the chemical quality of the water
withdrawn by the service pump was essentially constent during
the first 30 sec of pumping, freshened somewhat from 30 sec to
2 min, regressed to the initial quality by the 38th minute, then
remained constant through the last sample taken af'er nearly
4 hr of pumping. (See fig. 16.) In both the initial and terminal
periods of uniform quality the chloride content was about 660
ppm, soap hardness was about 325 parts, and total dissolved
solids (estimated from specific electrical conductivity) was about
1,450 parts; that is, the quality was essentially that shown by
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the analysis of October 16, 1941 (see table 30). During the
initial 80-sec period the water discharged was probably that
trapped in the pump column after an earlier period of draft;
beyond the 38th minute the water discharged was a stable blend
of the native water or waters with the contaminant. The fresher
water of the 2d minute contained 475 parts of chloride, about
240 parts of hardness, and 1,050 parts of all dissolved solids;
presumably it was drawn chiefly from the upper part of the
aquifer, in which water of at least fair quality presumably
existed. (See p. 117.) Such discharge of fresher water during
the first few minutes of pumping probably has been characteristic
of the well; under these conditions, if the samples for analysis
had been taken at unlike intervals after the pump was started,
those samples would have ranged widely in character even though
the degree of contamination in the aquifer remained unchanged.
This deduction is the basis for the interpretation of analytical
data expressed in figure 14.

Among the four conductivity traverses with idle pumps (fig.
15), that of August 28, 1942, found the most concentrated waters
at all depths. Specifically, to a depth of 34 ft below the topmost
perforations which are 156 ft below land surface, the dissolved-
solids content was uniformly about 1,400 ppm or about equal to
that of the water discharged during the terminal period of the
preceding day’s test, At greater depth, however, the dissolved
solids increased sharply to about 6,100 ppm at the bottom of the
perforations (256 ft below land surface), and to zbout 6,250
parts near the bottom of the well. Thus, this bottom water is
five times more concentrated than any water yet taken from the
pump for chemical analysis (see table 30). Without doubt, it is
the immediate local contaminant.

The conductivity traverse of April 1945 showed conditions
analogous to those just described, except that at all depths the
chemical quality of the water was much improved. Thus, to a
depth of 100 ft below land surface the dissolved-sol‘ds content
was essentially constant and about 950 ppm but from 100 to
200 ft in depth the dissolved solids diminished to 750 parts.
Thus, through the upper half of the range of perforated casing,
the water then standing in the well was no more derveciated in
quality than samples taken as early as October 1937 (see table
30). Below 200 ft in depth, the dissolved-solids content increased
unevenly to about 4,800 ppm. The sample for analysis taken at
260 ft in depth contained 4,520 parts of dissolved solids (table
30) ; thus, in this sample of “bottom” water from well 18J2,
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which affords the fullest information now available of the chem-
ical character of the local contaminant, the dissolved solids were
only about 70 percent of that in the bottom water of August 1942,

The most critical information is afforded by the two con-
ductivity traverses (fig. 15) during the pump test of May 5,
1945. These two traverses disclosed essentially identical ranges
in character of water within the casing of the well; the water
discharged simultaneously by the test pump was nearl: constant
in quality and contained from 900 to 925 ppm of dissolved solids.
Under the conditions of the test:

1. From 100 to 150 ft below land surface, that is, through
roughly the full thickness of the Talbert water-bearing: zone and
through a reach in which the casing of the well reportedly is not
perforated, the dissolved-solids econtent of the water in the well
diminished progressively from 1,300 to 750 ppm. Evidently some
water was entering the well from the Talbert zone, presumably
through unreported perforations or through openings at the joints
and seams of the stovepipe casing. Although doubtless contami-
nated, at least some of this Talbert water was of better quality
than the blended water concurrently discharged from the test
pump.

2. From 156 to about 180 ft below land surface, that is, through
about the upper fourth of the reach of perforated casing, the
dissolved-solids content was roughly constant and about 675 ppm.
Either no water was being drawn from that reach, or the water
drawn was of a quality identical with that blended from all the
overlying Talbert zone.

3. From 180 to 210 ft, that is, through the next fourth of the
downward reach of perforated casing, the dissolved-solids con-
tent diminished progressively to about 500 ppm. This water at
210 ft obviously blends all the waters entering the well to that
depth. Therefore, it is evident that in the depth range here dis-
cussed, the water entering the well from the San Pedro (?)
formation contained less than 500 ppm of dissolved solids in May
1945—in other words, that particular water at that time was of
better quality than shown in table 30 by the analysis of June
1931. Thus, the lafter analysis, the earliest available for well
18J2, presumably shows incipient contamination.

4. From 210 to 230 ft, or through about the third fourth of
the perforated reach, the dissolved-solids content increased pro-
gressively from 500 to about 850 ppm, or nearly to that of the
blend discharged by the test pump. In this reach, the water en-
tering the well from the San Pedro (?) formation in May 1945
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evidently contained at least a substantial percentage of the con-
taminating bottom water.

5. From 230 ft to the bottom of the suction pipe of the test
pump at 250 ft, the dissolved-solids content increased to that of
the pump discharge—about 900 ppm. In that reach. evidently
very little additional contaminant was entering the well.

6. Within 3 ft below the bottom of the suction pipe the total-
solids content increased sharply to at least 4,500 ppm and then
to about 6,250 parts at 5 ft below the bottom perforations. How-
ever, little or none of this concentrated bottom water was being
drawn upward into the suction pipe of the test pump.

From all the data available (and largely presented in fig. 15)
it is concluded that an interface between uncontaminated or very
slightly contaminated fresh water and the bottom ccntaminant
exists in the San Pedro (?) formation within the resch of per-
forated casing in well 18J2. This interface has fluctuated upward
and downward, probably depending upon natural fluctuations in
the heads of the two waters, and upon the draw-down of those
heads induced by pumping. With no draft from the well, the
interface tends to stabilize currently at or a few feet above the
lowest perforations in the casing, and under service d~aft at the
rate of 1,350 gpm, the interface may have been as much as 55 ft
above the lowest perforations, that is, about 210 ft I'elow land
surface.

It is concluded further that the water discharged from the
service pump during the life of the well has been blended from
(1) water of the Talbert zone, which locally has become con-
taminated progressively; (2) water of the San Pedro (?) forma-
tion, which in the upper part of that formation is contaminated
only moderately or possibly not at all, even as of 1945; and (3)
the bottom water, whose chemical character in April 1945 is
shown by the analysis in table 80. The proportionate parts of
water drawn from the three sources have varied continually,
largely in accord with the rate and duration of draft.

Concerning well 18J1, plate 13 shows that the contaminated
waters of 193144 could have been caused primarily by an influx
of the bottom water of well 6/10-18J2 in various proportions,
accompanied by (1) moderate gain in calcium and loss in sodium
by exchange of bases, excepting the analysis of Nover~ber 1935;
(2) essentially neither loss nor gain of magnesium by exchange
of bases; and (3) possibly a small decrease in disso'ved solids
owing to precipitation of calcium carbonate and perhaps calcium
sulfate. This plate shows further that all the waters of well
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18J1 could have been derived likewise from mixtures of the bot-
tom water of well 18J2 with the sodium bicarbonate water that
was native in the San Pedro (?) formation at well 6/10-18K3
(see p. 107). Plate 14 shows that the contaminated waters of well
18J2 could have been caused likewise, but with only a slight
rather than a moderate gain in calcium and loss in sodium by
exchange of bases, and with no more than a nominal decrease in
dissolved solids owing to precipitation. Analytical data sub-
stantiate the same fundamental explanation for the contaminated
waters of well 18J3, except that those waters have been slightly
softened rather than hardened by exchange of bases—specifically,
they have gained slightly in sodium and lost about commensu-
rately in magnesium. Three fundamental generalizations follow:

1. In and near the joint well field of the Fairview Farms Water
Co. and the Newport Mesa Irrigation District, the native water
in the upper part of the San Pedro (?) formation very probably
was of good chemical quality, very similar to that of the sodium
bicarbonate water drawn from well 6/10-18K3 in August 1927
(containing only about 250 parts per million of dissolved solids).
Also, as of 1945, water of good quality still exists in that forma-
tion, at least within the strata tapped by well 6/10-18J2 from
180 to 210 ft below land surface.

2. The principal immediate contaminant has been the high-
chloride bottom water of well 18J2. As represented by the anal-
ysis of April 1945, in this bottom water the calciumr-to-magne-
sium-to-sodium ratio is 0.11 to 0.19 to 1, whereas in o2ean water
that ratio is 0.04 to 0.22 to 1 (in terms of chemical equivalents).
Also, the bottom water contains about 20 times as much iodide
and nearly twice as much strontium as ocean water. Thus, the
bottom water of well 18J2 is considered to be definitely of connate
origin. Natively, doubtless it is essentially a top or edge water
of the connate body that exists locally in the lower part of the
San Pedro (?) formation from the so-called Wright S ‘reet fault
eastward to and beneath at least the central part of the Newport
Mesa (see p. 61). It is not known whether that connate body
existed natively in the lower strata tapped by the perforations
of well 6/10-18J2 or only in some underlying zone with which
those strata are in hydraulic continuity; whatever the initial
upward reach of the body, its water of high chloride content
has been drawn upward with the heavy draft from the overlying
well field, but at no time has it yet been drawn acrcss the full
thickness of the native fresh-water zone. As has been shown, the
bottom water of the well in August 1942 contained nearly one and
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one-half times the dissolved solids in the bottom water of April
1945, At that earlier date, the top of the connate-water body had
been drawn higher above the bottom of the well; in other words,
the well then disclosed the character of connate water that sub-
sequently receded beyond the reach of sampling in 1945. It is
estimated that in the bottom water of 1942 the chloride content
was roughly 3,500 ppm or somewhat more than that in the saline
water reached but plugged off at the bottom of well 6/10-10D3 on
the Newport Mesa nearly 3 miles to the northeast. This bottom
water of 1942 has the greatest chloride content yet disclosed for
the connate-water body of the San Pedro (?) formation.

3. Chemical modification of the contaminated waters by ex-
change of bases has been shown to involve moderate enrichment
in calcium at well 18J1, slight enrichment in calcium at well 18J2,
but possibly some enrichment in sodium rather than in calcium
at well 18J3. This seemingly anomaly of calcium enrichment at
one well and of sodium enrichment at another, among wells that
tap a common water-bearing zone, probably is related to the im-
peded circulation of water in the San Pedro (?) formation east
of the Wright Street fault (see p. 94). Thus, only wlere water
of meteoric origin has circulated most freely have the base-
exchange media in the aquifer been enriched in ealcium suf-
ficiently now to release calcium abundantly in the presence of
the contaminating connate water. Erratic differences in the de-
gree of base-exchange modification presumably would claracterize
any contamination in the area east of the Wright Street fault.

PROGRESSIVE DEPRECIATION OF WATER QUALITY AT MISCELLANZ0US WELLS

Other than those of the several public-supply fields. the wells
in the Santa Ana Gap are used chiefly for irrigation and rela-
tively few chemical analyses of their waters are available. How-
ever, analyses for several wells in the area of contamination since
1931 bring out another relation which is believed to be typical and
which is critical. Thus, figure 17 shows the chemical character of
six additional contaminated waters, in comparison with the native
water and the most contaminated two waters of well 6,/10-18K1,
already described. These additional waters include one from well
6/11-12N1 at the west flank of the gap and half a mile from
the coast, three from well 6/11-18J1 in the center ¢f the gap
and 0.6 mile from the coast, and two from well 6/11-13K2 in the
center of the gap and 0.4 mile from the coast. From the data
there plotted it is inferred that in a first stage, cortaminated
waters in the gap commonly progress through the range of chem-
ical compositions spanned by the analytical data for well 6/10—
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FIGURE 17.—Chemical character of a typical native water and of certain contami-
nated waters from wells in the Santa Ana Gap.

18K1 (pp. 104-106, fig. 10, pl. 12), but then become essentially
of the composition of ocean water, as in well 6/11-13K2 (see
table 29, analysis of September 1944).

In the first stage the mixture of native water and contaminant
is hardened by the process of calcium enrichment already ex-
plained ; also, sulfate diminishes to the vanishing point, presum-
ably owing either to reduction (p. 90) or to precipitation in
compound with barium or calcium. Presumably, the first stage
ends as base-exchange media in the aquifer become saturated
with sodium in the presence of the contaminant, and no longer
release calcium (and possibly magnesium) in exchange. This
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terminal condition seems to be reached commonly when the con-
taminated water contains about 2,000 ppm of dissolved solids
and 1,000 parts of chloride. In the second stage, further admix-
ture of the contaminant seems to go on without substantial modi-
fication by exchange of bases; however, at least in the early part
of the stage, admixed sulfate seems largely or wholly to be re-
moved by reduction or precipitation.

The two-stage contamination here described seems to apply
rather widely to the contamination by waters of high chloride
content in the Santa Ana Gap. Yet, certain potential contami-
nants in and near the gap are sulfate waters rather than chloride
waters; for example, the water encountered at 270 ft below land
surface in well 6/10-8D4 (table 30, analysis 3). Contamination
by such high-sulfate-content waters has not been discriminated
clearly, but is suggested by the water from well 6/71-13J1 in
November 1934, (See fig. 17.) With a contaminant of this sort,
sulfate probably would not be removed fully by reduct’on or pre-
cipitation but, other conditions being equal, modification by base
exchange might proceed quite as here described.

SOURCES OF THE CONTAMINANTS

As has been stated, the potential contaminants of the waters
of the Santa Ana Gap include ocean water, the unconfinad shallow
ground water, connate waters from the deposits of Pleistocene
age, and connate waters from the underlying rocks of Tertiary
age. Among these, the ocean and certain connate-water bodies of
the Pleistocene deposits are naturally in hydraulic continuity with
the aquifers that natively contained fresh water and that now
are contaminated, and so could have invaded the area as the fresh-
water head was lowered by heavy withdrawals. However, it
is believed that none of the remaining potential sources could
have been responsible for a substantial part of the known volumi-
nous contamination, because:

1. In the unconfined shallow body, water of inferior quality
reaches inland a considerable distance beyond the ar2a of con-
tamination but exists in and is separated from the underlying
contaminated aquifers by materials that are very slightly per-
meable and several tens of feet thick. Even with the fresh-water
head depleted, movement of the unconfined water downward
across the stratification of the fine-grained materials by which
that water is contained would have been slow but widespread—
probably much too slow and too widespread for conformity with
the extent and degree of contamination heretofore described.
Some water of the unconfined body may have reached the under-
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lying aquifers by way of wells whose casings are inedequate or
deteriorated, but contamination so caused would hav: been dis-
continuous rather than of somewhat uniform intensity over an
extensive area.

2. The connate waters in the Tertiary rocks are confined by
siltstone and shale at least several hundred feet thick, through
which permeable conduits conceivably would be afforded only
by the faults and minor fractures of the Newport-Inglewood
structural zone. However, in all the 18-mile reach of that struc-
tural zone from the Santa Ana Gap northwestward to the Do-
minguez Hill, there is no evidence of connate waters moving
upward along fault conduits. Thus, although in the Santa Ana
Gap the inland front of the contaminated area has be2n between
the principal two faults of the structural zone for more than
a decade (pl 11), it seems unlikely that those faults there and
there only would transmit connate water from the Tertiary rocks
in the volume required to satisfy the known contamination.

3. Essentially no oil-field waste brines are or have been held
in sumps or dissipated promiscuously in and near the area con-
taminated. Thus, these connate waters of the Tertiary rocks
have had little or no opportunity to infiltrate below the land
surface after having been withdrawn with their assnciated oil.

4, A number of production oil wells have been drilled in the
western part of the Santa Ana Gap, and several oil-test holes
have been drilled and abandoned along the Newport-Inglewood
structural zone across the gap. Of these, the area of contamina-
tion encompasses only a few abandoned test holes, fcr example,
well 6/11-13Q1. Conceivably any such hole that had J-2en inade-
quately cased or inadequately plugged might convey connate brine
from the Tertiary rocks into the natively fresh-water aquifers.
However, for even a minor part of the known contamination
to have been so caused, each of the few test holes within the con-
taminated area would need have conveyed several tens or even
a few hundreds of gallons a minute throughout the past 15 yr.
Transmission of so great a quantity seems altogether unlikely.

In the foregoing discussion of first-stage contamination in the
Santa Ana Gap, the evidence afforded by the major dissolved
constituents of the waters has served to identify the immediate
contaminant—connate water from Pleistocene deposits—only for
the well field of the Fairview Farms Water Co. and the Newport
Mesa Irrigation District. However, fairly competent supple-
mentary evidence is found among the analytical data in the
moderate member of borate determinations and a very few iodide
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determinations. Thus, for wells that have disclosed frst-stage
contamination, with few exceptions the pertinent analytical data
indicate an increase in borate from two to eight times that which
would have been introduced had the immediate contaminant been
ocean water, In table 30, iodide is shown in two analyser of first-
stage contaminated waters. In these, from wells 6/10-18J2 and
6/11-13K2, the iodide content of the contaminated water is re-
spectively 8 and 20 times that of ocean water. Becsuse both
borate and iodide characteristically are many times more abun-
dant in the connate waters than in ocean water (see table 8),
this supplementary evidence agrees in indicating connate water
as the first-stage contaminant. Because they are extersively in
hydraulic continuity with the contaminated aquifers anc those of
the Tertiary rocks are not, it is concluded tentativelr that in
the Santa Ana Gap the connate-water bodies in the Pleistocene
deposits, that is, in the San Pedro (?) formation, are and have
been the principal if not the sole source of the first-stage con-
tamination.

Second-stage contamination in the Santa Ana Gap (that in
which base-exchange modifications are negligible) prohably in-
volves two contaminants: ocean water and connate weater from
the Pleistocene deposits. Only fragmentary analytical data are
available to retrace this stage (see fig. 17) but the mcst highly
contaminated water for which a comprehensive analysir is avail-
able—that of well 6/11-13K2 in September 1944—has substan-
tially the composition of ocean water.

NATURE AND MOBILITY OF THE CONTAMINATION FRONT

As it has advanced inland in the Talbert water-bearing zone and
in the underlying San Pedro (?) formation of the down-faulted
block along the coast (p. 93, pl. 11), the inland reach of the
contaminated waters has been and is exceedingly irregnlar. The
greatest reach presumably is by fingers or tongues of the con-
taminant drawn toward the various centers of heavy with-
drawal, probably in the lower part of the aquifer. Toward the
coast, however, those fingers are believed to merge infto a rela-
tively continuous front behind which contaminated water occu-
pies the aquifer from bottom to top. Within the inland-probing
fingers and for a certain distance behind the front, in a belt
now roughly from 0.2 to 0.5 mile wide, the contamination seems
to have progressed only through the first stage; thet is, the
contaminant has been derived locally from the connate-water
bodies of the San Pedro (?) formation, the chloride content is
less than 1,000 parts per million, and calcium-enriclment by
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base exchange has increased proportionately with the influx of
contaminant. Beyond that belt of first-stage contamination the
waters currently seem to grade, locally within as little as 0.1 mile,
into a composition essentially identical with that of ocean water.
Available data suggest that this three-dimensional pattern has
persisted during the inland march of the contaminztion front
since the early thirties.

In the 12 yr ending with 1944 the contamination front
progressed into the Santa Ana Gap as much as 0.7 mile and
water of ocean composition progressed at least one-fourth mile.
Thus, excepting the area east of the Wright Street fault, the
average rate of advance was about 200 ft a year for the front as
defined on plate 11 by the line for 50 ppm of chloride, and about
135 ft a year for the highly contaminated water as defined by
the line for 10,000 parts of chloride. However, the rate of ad-
vance has been neither uniform nor constantly inland. For ex-
ample, contamination sufficient to produce a chloride content of
100 ppm was reached in 1938 at well 6/10-18C4, about 6 yr later
than in the wells of the abandoned field of Newport Beach about
1,800 ft to the south, and about 18 months earlier than in well
18C2 about 250 ft to the north. The apparent rate of inland
movement of the front was locally about 300 ft a year until well
18C4 had been reached, 175 ft a year until well 18C2 had been
reached, and then it slowed to some value less than 125 ft a
year (because well 18C1 had not been reached in late 1943).
Steady movement of any such front is not to be expected.

Analytical data by the Geological Survey have disclosed some
advance by the contamination front in the Santa Ana Gap since
1941 in the vicinity of well 6/11-13G1 (table 31), and have indi-
cated some retreat locally, around 1944. For example, well 6/11—
13F2, which is 0.5 mile from the coast, in 1941 produced water
containing 304 ppm of chloride but in May 1944, af‘er having
been pumped 8 hr, yielded water of essentially native quality
containing only 13 parts of chloride. A mile to the eart, periodic
samples by the Geological Survey from well 6,/10-18C2 have shown
an increase in chloride content of the water from 200 ppm in
late 1940 to 310 parts in 194243 (table 31). Owing to this in-
crease in salinity, the well was abandoned for public supply early
in 1944 and yet in February 1945, after it had been pimped for
several days, the chloride content of its water had diminished
to 91 parts. A seaward regression of the contamination front
during 1944 apparently had occurred locally. However, this re-
gression did not extend to the western edge of the gap, where
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water drawn from well 6/13-13C2 contained 860 ppm of chloride
in September 1941 and 1,230 parts in September 1944. Neither
did it extend to the most highly contaminated water near the
coast, which at least locally continued to advance inland even as
the front was regressing. Thus, at well 6/11-13K2 the chloride
content of the water increased from 1,125 parts in Avpril 1942
to 17,700 parts in September 1944.

In the part of the Santa Ana Gap that is east of the Wright
Street fault, the contaminated area appears not to have extended
itself inland appreciably during the 12 yr ending with 1944.
There, water of at least fair and possibly undepreciated quality
exists currently in the upper part of the San Pedro (?) forma-
tion, between water of depreciated (?) quality in the Talbert
water-bearing zone above and a contaminating brine below. Prob-
ably no continuous contamination front exists across the full
thickness of the aquifers. (See p. 119.) Rather, in accord with
rates of draft, the body of contaminating brine rises into and
recedes from the lower part of the zone natively occupied by
fresh water and a variable amount of contaminant is drawn into
the pumped wells. Thus, the quality of water yielded by certain
wells, such as 6/10-18J2 (pp. 113-118), has depreciated consid-
erably even though the area contaminated may not have enlarged.
Yet, the water withdrawn seems to have improved in quality
at least locally; for example, well 6/10-17C1 is reported to have
encountered water “too salty’” for public-supply use when drilled
in 1913, but subsequently has been used for irrigatior and has
yielded waters containing 612 and about 560 ppm of all dissolved
solids and 201 and 161 parts of chloride in 1932 and 1943, re-
spectively. (See tables 30 and 31.)

CONTROL OF THE EXTENT AND DEGREE OF CONTAMINATION

The objectives of a program to constrain and, possihly, to re-
duce the extent of the contaminated area in the Santa Ana Gap
would be to return overlying lands to irrigation from local wells
and, more especially, to prevent ultimate contamination of the
very productive fresh-water zones farther inland. Thus, west
of the Wright Street fault the contamination front currently is
roughly along Atlanta Avenue (see pl. 11) and there exists
only in the Talbert water-bearing zone. This regionsl ground-
water artery is uniformly about 50 ft thick. At and for about
a mile inland from the master fault of the Newport-Inglewood
zone, which passes near the intersection of Cannery ard Atlanta
Avenues, it rests directly on impermeable rocks which contain
no water-bearing beds to at least 1,000 ft below land surface.
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Therefore, so long as the front is constrained within this 1-mile
reach, contamination cannot extend downward beyord the Tal-
bert zone. Farther inland, beginning near the intersection of
Cannery and Adams Avenues, northward-dipping water-bearing
sand and gravel of Pleistocene age (probably the San Pedro
formation) underlie and probably are in hydraulic continuity
with the Talbert water-bearing zone. Together, the Talbert and
the underlying Pleistocene there form essentially a single aquifer
which thickens inland and is about 210 ft thick at the active
well field of the city of Newport Beach, in the southeast angle of
Adams Avenue and Wright Street. Under this condition, should
the contamination front reach and pass inland beyonc the inter-
section of Cannery and Adams Avenue, salt water could enter
the inland-dipping permeable zones of the San Pedro (?) forma-
tion and then might spread widely and deeply because its density
is greater than that of the native fresh water.

Fundamentally, the position of the contamination f~ont in the
Santa Ana Gap west of the Wright Street fault is determined
by dynamic balance between the salt-water head of the ocean,
the place and amount of fresh-water withdrawal, and the fresh-
water head of the regional ground-water artery in the inland
part of the gap, that is, in the Talbert water-bearing zone. (The
local influx of connate water from the Pleistocene is believed to
be actuated by ocean-water drive: connate water is merely dis-
placed inland ahead of the invading ocean water.) In other
words, the position of that front can be controlled with fair
effectiveness by regulating the place and amount of fresh-water
withdrawal, or by artificially replenishing the fresh-water head
in the Talbert zone, or both. If withdrawal and rer'enishment
(either natural or artificial) are held in such balance that the
fresh-water head constantly is not lower than about 5 ft above
sea level at the intersection of Cannery and Adams Avenues,
then contamination should never extend beyond the regional
ground-water artery in the coastward half of Santa Ana Gap.
If these two controllable variables should be so balanced that a
seaward hydraulic gradient again were established in the re-
gional ground-water artery through the gap to the coast, then
the contamination front should be forced back toward the coast,
and over a term of years—probably several decades—a substan-
tial part of the contaminated water now present (1945) should
be displaced from the gap. Control of the contamination front as
here briefly outlined is feasible, as is attested by the lccal natural
regression in 1934-44 (p. 125) following some replenishment
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of the fresh-water head during a succession of wet years, and
by somewhat lighter withdrawal. The hydraulics of such con-
trol are treated in some detail elsewhere (Poland and others).

1f there is no objective other than constraining the area of
contamination to ifs present extent, control of the front is not
urgent currently (1945), because there has been no general ad-
vance of that front since about 1941. However, in this period
there has been greater-than-average replenishment of the fresh-
water head owing to excessive rainfall and to some reduction
in the draft from the several public-supply well fields (following
importation of water through the facilities of the Metropolitan
Water District of Southern California). Also, in that period the
fresh-water head in the contaminated area was intermittently
drawn down below sea level, so that both local connate water and
ocean water continued to move into the area behird the con-
tamination front. The concentration of the contaminated waters
continued to increase even though the front generally was stabi-
lized and locally regressed during the period. Yet, if & succession
of dry years should ensue, and if withdrawals witkin the gap
should remain unregulated, the continuing influx of connate water
and of ocean water would be accelerated and inland movement of
the contamination front ultimately would resume. Under these
conditions, artificial control of the front could become urgent
within a very few years.

In the area east of the Wright Street fault, ocean-water drive
is only a remote actuating force causing upward movemnent of the
local connate water into the San Pedro (?) formation. Rather,
at any particular well the upward reach of that contaminant
fluctuates with and probably in rough proportion to the draw-
down of water level under pumping. There, the proportionate
amount of contaminant in the yield of an individual well can
be controlled with substantial effectiveness through exploration
such as that in well 6/10-18J2 (pp. 113-118), by determining
the position of the interface between fresh-water and contami-
nant, and by securely plugging the well above that interface;
also, by limiting the withdrawal sufficiently to keep tl'e interface
below the plug.

In addition, it would be necessary to plug all abandoned wells
and repair existing wells in which inadequate or defective cas-
ings permit contaminants to circulate into the fresh-water aquifer
from overlying or underlying zones. Even if a well is not pumped,
a contaminant whose head is greater than that of the fresh
water will pass through defects in the casing, circulate up or
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down the well, and invade the fresh-water aquifer locally. Also,
if a contaminant is of greater density than fresh water even
though its head is not greater, it can pass through casing defects,
sink to the bottom of the well, and be withdrawn when pumping
is resumed. In the Santa Ana Gap, the unconfined shallow ground
water locally is as saline as ocean water, extensively has a head
above that of the drawn-down Talbert water-bearing: zone, and
so potentially can contaminate the Talbert in the vicinity of any
defectively cased well within an area that reaches inland be-
yvond present contamination.

It is desirable for all abandoned wells when being plugged to
be filled completely with impermeable material, so that even after
the casing has disintegrated no permeable conduit exists to con-
nect one water-bearing zone with another. In the construction
of any new wells within the Santa Ana Gap, it is desirable for
the water contained in each permeable zone to be adequately sam-
pled and analyzed, so that top waters or bottom waters of poor
chemical quality can be discriminated and cased off.

CONTAMINATION BENEATH HUNTINGTON BEACH MESA AND THE
ADJACENT PART OF BOLSA GAP

SUMMARY OF GEOLOGIC FEATURES

The part of Huntington Beach Mesa which stands above the
floors of the Santa Ana and Bolsa Gaps is formed wholly of
Pleistocene deposits—possibly a thin mantle of the Pzlos Verdes
sand, underlain in turn by unnamed upper Pleistocene (?) de-
posits and by the San Pedro formation. In the central part of
the mesa these deposits extend about 575 ft below land surface.
Logs of wells show that these deposits include an upper part com-
posed of alternating thin layers of silt or clay, sand, and gravel,
and a thicker lower part that is composed almost exclusively of
sand and gravel. This lower zone apparently is immediately above
the base of the San Pedro formation.

In general, these Pleistocene deposits contain three distinet and
fairly extensive water-bearing zones. In well 5/11-85P3—on the
central part of the mesa, 150 ft north of Garfield Avenue and
65 ft east of Holly Avenue—the upper zone of the three is en-
countered 60 feet below land surface and is 50 ft thick, the
second or middle zone is reached at 187 ft below land surface and
is b8 ft thick, and the top of the lower zone is found at 325 ft.
The logs of adjacent wells indicate that here this lower or
basal zone continues to a depth of about 575 ft and is about 250 ft
thick.

Of these three zones which extensively are water-bearing, the
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uppermost is believed to crop out near and along the west edge
of the mesa, in secs. 34 and 35, T. 5 S., R. 11 W. (projected) ;
in sec. 26 it is at shallow depth and may crop out. In this west-
central part of the mesa, the materials that compose the zone
are exposed in several gravel pits which have been and to some
extent still are used for disposal of oil-field wastes. Eastward,
the zone extends across the full width of the mesa and butts
against the alluvial deposits of Recent age which underlie the
Santa Ana Gap—presumably against the relatively impermeable
deposits of silt and fine sand which there overlie tle Talbert
water-bearing zone. Southward, the logs of wells show that the
zone is continuous from the central part of the mesa at least to
within 0.5 mile of the coast (at well 6/11-11E1), and that in
this reach its top is about 50 ft below land surface. Still farther,
quite possibly it extends beyond the mesa and crops out on the
ocean floor a short distance offshore. In the opposite direction,
or inland, its extent beyond the mesa is unknown. At most
places, if not all, this upper permeable zone of Huntington Beach
Mesa is underlain by silt about from 70 to 100 ft thicl-.

Like the upper zone, the middle water-bearing zone seems to
underlie the greater part of the mesa (if not all), extends south-
ward at least to within 0.5 mile of the coast and probably crops
offshore, and is of unknown extent inland beyond the mesa. In
the central part of the mesa its top is about 200 ft k<low land
surface. On the west, and inland for at least a mile from the
faults to be described, the zone probably is in hydr~ulic con-
tinuity with the “80-foot gravel” of the Recent alluvium in
the Bolsa Gap. Along that west edge of the mesa and coast-
ward from the faults, however, its continuity is not known. On
the east, this middle zone may be in hydraulic contiruity with
the lower part of the Talbert water-bearing zone of the Santa
Ana Gap.

The lower and relatively thick water-bearing zone is of de-
cidedly different extent from that of the two overlying zones.
Thus, it is known to extend southward from the central part
of the mesa and to have an essentially uniform thickness of
250 ft, at least to the vicinity of well 6/11-2M2 which is a mile
from the ocean. Still farther south, however, the zone appears
to finger out into silt or clay, as at well 6/11-11E1 which is
about 0.6 mile from the ocean and which reportedly penetrated
blue clay with only streaks of coarse sand for 213 ft below the
thin middle water-bearing zone (from 234 ft below lard surface
to the bottom of the well at 447 ft). Thus, near the coast the



CONTAMINATION OF NATIVE FRESH WATER 131

permeability of the lower zone diminishes greatly. Westward and
northwestward the zone extends beneath and probably beyond the
Bolsa Gap. On the southeast, it probably underlies and hy-
draulically is not in continuity with the Talbert water-bearing
zone of the Santa Ana Gap; also, at least locally it firgers into
or terminates against the impermeable Pleistocene depnsits that
underlie the Talbert zone for a mile inland from the inter-
section of Bushard and Hamilton Streets (p. 94). Thus, the
permeability of the lower zone of the Huntington Beach Mesa
probably diminishes or becomes very small beneath or near the
western part of the Santa Ana Gap. Inland, this lower zone has
been traced tentatively for about a mile beyond the mesa, or to
well 5/11-22H1. Its extent beyond that well is unknown.

With respect to geologic structure, it is believed (Poland, Piper,
and others) that at least two fault zones strike southeastward
across the Huntington Beach Mesa, about parallel to and a mile
and one-half mile from the coast. Evidence from the electric logs
of certain oil wells shows that, although a zone of flexure exists
at depth, the water-bearing deposits of Pleistocene age are dis-
placed little if at all by these faults. Little is known about the
physical character and continuity of the three water-bearing
zones between the coast and the nearer fault zone, except that the
log of well 6/11-11Q1 indicates that at least the upper and mid-
dle zones are essentially continuous across this nearer fault zone,
and wells 6/11-11E1 and -11Q1, which are on opposite sides of
this fault, both encounter materials of low permeability begin-
ning about 235 ft below land surface, and so substartiate the
previous conclusion that the lower water-bearing zone becomes
increasingly less permeable near the coast.

CHARACTER AND CIRCULATION OF WATER UNDER NATIVE CONTITIONS

Available data, including those by Mendenhall (1905a, b) in
1904, suggest that the native fresh water in the upper zone of
the Huntington Beach Mesa contained from 225 to 300 ppm of
dissolved solids and from 12 to 20 parts of chloride, and in type
ranged from the calcium bicarbonate to the calcium scdium bi-
carbonate. Hardness ranged from 115 to 175 ppm. Analyses
6/11-1C1 and -2J1 (table 30) are typical of the harder waters.
The data by Mendenhall suggest very strongly that water of
this character natively occupied all except the westernniost part
of the upper zone inland from the two faults just described;
the excepted part is that immediately east of the outcrop area,
in which the zone obviously was not saturated to its top. Seem-
ingly it could have been derived only by infiltration on the mesa
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and by percolation from shallow Pleistocene deposits farther.
inland. Water of the same type also extended natively to the
coast, at least in the extreme southeastern part of the mesa,
east of the present Main Street. There the water table was no
more than about 10 ft above sea level in 1904, and there in par-
ticular the water evidently moved coastward rather freely and
was not greatly impeded at either of the two faults.

However, from the inland fault to the coast, ercepting the
relatively small area east of Main Street, the chemical character
of the water native to the upper zone remains obscure. There,
only three water wells were found by the Geological Survey in
1940-41, This scarcity of water wells is not astonishing because
the subarea is essentially coextensive with the city of Huntington
Beach and adjacent oil-field developments. However, the investi-
gation by Mendenhall in 1904 antedated the disccvery of the
oil field, but enumerated only two wells in the par‘icular area.
Neither investigation found any water wells in the southwest
angle between the inland fault and Golden West Avenue, that is,
on the western half of the subarea. This very absence of wells
implies that early drilling may have found salty native water
in the upper zone, as is known to occur along the coast farther
northwest (pp. 58-61) and as would be consistent with cer-
tain chemical evidence to be introduced.

Fragmentary data concerning the middle zone of the Hunting-
ton Beach Mesa suggest that the native fresh water was of the
calcium sodium bicarbonate type, with total dissolved solids pos-
sibly as much as 375 ppm, chloride content from 30 to 40 parts,
and hardness at least as little as 55 parts. As of 1904, before
it had been depleted greatly by withdrawals, the head of this
water was several tens of feet above sea level in the southeastern
part of the mesa, specifically, about 30 ft above sea level in well
254 (after Mendenhall) which was about 1,000 ft from the
coast and near the southeast corner of the mesa, and about
60 ft above sea level in well 252 which was about 1.2 miles
inland and near the present Huntington Beach Union High
School. (See pl. 2.) Evidently the coastward circulation of water
in the middle zone was impeded somewhat, possibly at the two
faults. Because this middle water-bearing zone of the Hunting-
ton Beach Mesa locally is in hydraulic continuity with the “80-
foot gravel” to the west and possibly with the Tzlbert water-
bearing zone to the east, the fresh water natively contained in
the middle zone of the mesa presumably has been derived largely
from those two regional ground-water arteries, and its head has
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been imposed likewise. Available evidence does not przclude the
possibility of native salty water in the middle zone within the
southwest angle between the inland fault and Main Street.

The native water in the lower zone of the Hunting*on Beach
Mesa is of the sodium bicarbonate type, with dissolved solids
ranging from 250 to 300 ppm, chloride from 12 to 15 parts,
and hardness from 20 to 35 parts. Analyses 5/11-26P1 and
6/11-1N1 are taken as typical. (See table 30.) Thus. it is de-
cidedly softer than the water of the overlying two zores. As of
1904, its head was sufficient to produce flowing wells in the
central part of sec. 2, T. 6 S., R. 11 W. (projected) ; that is, its
static level was at least about 60 ft above sea level. Presumably
the water of the lower zone is derived by percolation from Pleisto-
cene deposits farther inland, and at best can be derived only
remotely from the regional ground-water arteries.

GENERAL EXTENT OF CONTAMINATED WATERS

The earliest available chemical analyses (1925) show definite
saline contamination at least locally in the waters of the Hunting-
ton Beach Mesa at that time—specifically, at wells 5/11-34F
and -34H which tapped the middle water-bearing zone, also in
well 6/11-11E1 which tapped both the upper and middle zones.
(See table 30.) Of these three wells, the first two were about 1.7
miles from the coast, in the west-central part of the mesa; the
third well, 6/11-11E1, is about 0.5 mile from the coast and just
inland from the more southerly of the two faults. By 1931, when
fairly comprehensive analytical data were obtained by local
agencies, water of deteriorated quality had been withdrawn from
several additional wells and at that time waters containing more
than 50 ppm of chloride are inferred to have underlain 1,500
acres of the mesa. Within the next decade both the extent and
intensity of contamination increased substantially until as of
1941-42, water containing more than 50 parts of chloride under-
lay about 2,100 acres.

As is shown on plate 11B by shaded areas, the natvely fresh
waters of the Huntington Beach Mesa now (1945) definitely are
contaminated by salines about as follows:

1. Throughout the upper water-bearing zone benesth the ex-
treme southeast part of the mesa, that is, from the coast inland
across the nearer of the two faults and to Adams Avenue at
least, but not east of Hampshire Avenue. Neither the northward
nor the westward reach of this area of contamination in the
upper zone is defined sharply, because water wells that might
give pertinent factual information do not exist. Thus, beneath
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the eastern part of the mesa and at least between Golden West
and Huntington Avenues, this southeastern area of known con-
tamination may reach northward to and merge with a central
area of contamination to be described. Beneath the western half
of the mesa, it is assumed that the upper zone now probably
contains salty water from the coast inland roughly to the nearer
of the two faults; here in particular, any salty water may not be
due wholly to contamination, but at least in part may be native,
as has been implied and as is true in the coastal segment of the
Bolsa Chica Mesa to the northwest. (See analysis 5/11-29P1,
table 30.)

2. In the middle water-bearing zone, at least locally in the
southeastern area just described. Factual information now avail-
able does not indicate the reach of these contaminated waters,
except that definitely they do not now reach to well 6/11-2M2,
which is 1.2 miles inland. That well taps only the middle water-
bearing zone, is pumped continually to supply the Funtington
Beach Union High School, and yields water which had not in-
creased appreciably in chloride content through October 1943.
To the west, salty water due to contamination of the middle
zone may grade into native saline wafer along the coast.

3. In the upper water-bearing zone and probably locally in
the underlying middle zone, beneath an area of about 900 acres
in the central and west-central parts of the mesa; alsc locally in
an adjacent part of the “80-foot gravel” which underlies the
Bolsa Gap, and which there is in hydraulic continuity with the
middle zone of the mesa. The northeast and northwest margins
of this particular contaminated area, but not the southwest mar-
gin, are rather sharply defined by available analytical c'ata; those
data do not preclude the possibility that contaminated waters
occupy the upper water-bearing zone continuously from the coast
inland across the two faults and into the area here described.

4, Possibly in the lower water-bearing zone, locally in the
central part of the mesa in the vicinities of certain wells that are
inadequately cased. However, that particular zone is not known
to be contaminated extensively, as of 1941-43.

Thus, the upper water-bearing zone definitely is contaminated
by salines in two distinct areas, beneath the southeastern and
central parts of the mesa. Also, west of Huntington A venue this
zone may be contaminated in unbroken continuity fror~ the coast
to the farthest inland reach of the central area, that is. for about
21% miles or nearly to Slater Avenue. The central area of definite
contamination is wholly inland from any barrier features of the
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Newport-Inglewood structural zone. At least locally, the middle
water-bearing zone is contaminated within the same two areas
but is not contaminated between those areas except possibly in
the area west of Golden West Avenue.

CONTAMINATED WATERS BENEATH THE SOUTHEASTERN PART CF THE MESA

For the southeastern part of the mesa, analytical data are
available only for ten wells in sec. 11, T. 6 S., R. 11 W., of which
nine wells have yielded contaminated water. Two of these nine,
wells 6/11-11E1 and -11Q1, tap both the upper and middle water-
bearing zones but not the lower zone, five tap only the upper
zone, and well 11G1, whose depth is unknown, is inferred to tap
only the upper zone. Table 13 summarizes information and shows
that as of 1931: (1) contamination was most intense in the
upper water-bearing zone but commonly was only inc'pient in the
topmost part of that zone, as in well 11J2 and in vrell 11Q1 at
the 40-ft depth; (2) at least locally, contaminated waters of the
upper zone contained about 75 percent as much chloride as ocean
water, as at the 50- to 110-ft depth in well 11Q1; and (3) in this
same well and at the 189- to 200-ft depth, the midcle zone was
moderately contaminated although in 1904 a 200-ft (?) well at
nearly the same place then yielded water containing only about
350 ppm of all dissolved solids. The data tabulated for well
11J4 as of 1942 suggest that the contaminant is not dispersed
uniformly throughout the vertical range of the water-bearing
zZones.

TABLE 13.—Wells tapping contaminated water in southeastern part of
Huntington Beach Mesa

Depth of Parts per million
Well number D_isltan;e well or of Water- -
on plate 11 trr;)ai‘llés) perforated biz(a)gg & Dissolved Date
casing (feet) Chloride solids
50-66 Upper l
6/11-11E1______ 0.55 84-100 308 842 | October 1925.
216-234 Middle
11G1..___. 10 |ooceooo Upper(?) 931 | October 1943.
1J2...... .85 130 | Upper 162 322 | October 1931.
11J3._..... .85 144 | ____do.___ 3 ggg 1,069 | October 1931.
390 |- oo April 1942
oo S ® { 2 Obtober 1942.
1K1 . 75 110 | Upper 146 204 | October 1931.
11K2 ... 7 90 | ....do____ 160 261 | October 1931.
11K3 ... 6 46 | Upper(?) 98 280 | October 1931.
{ 40 .. 3120 | ..
1Q1l..__._ 35 50-110 | Upper 314,400 (ooooo__._. 1931
189200 | Middle 31,440 | ..

1 Contamination incipient.
2 Probably taps upper zone, and possibly taps middle zone also.
3 During construction of well.
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Comprehensive chemical analyses of the contaminated waters
are available only for six of the nine wells just described, and
only for 1925 or 1931. Figure 18 shows the chemical character
of the waters from these six wells in relation to the inferred
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FiGURE 18.—Chemical character of native and contaminated waters from
the upper and middle water-bearing zones in the southeastern part of the
Huntington Beach Mesa, of potential contaminants, and of a contaminated
water from the Santa Ana Gap. A, hypothetical mixture of the native
water with ocean water, in proportions yielding a chloride content equal

to that of contaminated water 6/11-11E1; B, a corresponding mixture with
brine 5/11-34L; and C, a mixture with native salty water 5/11-29P1.

character of the native waters in the upper zone and to the
character of three representative potential contaminents. The
three potential contaminants are ocean water, brine 5/11-34L
from a representative oil well in the Huntington Beach field, and
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native salty water 5/11-29P1 from a well in the coastal segment
of the Bolsa Gap. Analytical data for the contaminated waters
and for the native salty water are given in table 30; data for ocean
water and for the brine, in table 29.

Excepting data from well 6/11-18J3, the analyses of the sev-
eral contaminated waters of 1925 and 1931 plot or figure 18
very nearly in alinement with those of the native waters and of
ocean water—just as they would plot were they simple mixtures
of native water and ocean water. However, this al'nement is
fortuitous. If ocean water was the contaminant, moderate chem-
ical modification has taken place after the admixture; also, with
modifications no greater, the contaminated waters could have re-
sulted from admixture of either brine 5/11-34L or rative salty
water 5/11-29P1. Thus, the plottings of three hypotketical mix-
tures on figure 18 and the data of the following table 14 show
that contaminated water 11E1 could have resulted from admix-
ture of any of the three representative potential cortaminants,
accompanied by some exchange of bases and reduction of sulfate
and by further gain in both calcium and bicarbonate (perhaps
by dissolving those constituents from the water-bearing material).
Regarding the three hypothetical mixtures and in terms of chem-
ical equivalents:

1. In all cases, the contaminated water has an excess of calcium
and of bicarbonate, but a deficiency of sodium and of sulfate.

2. The sulfate deficiency (potentially due to reduction of this .
constituent) is only nominal in the cases of native salty water
29P1 and brine 34L, but is substantial in the case of orean water.
In all cases it is less than the bicarbonate excess.

3. In all three cases the sodium deficiency (potentially due to
exchange of bases) is only moderate but is less than the calcium
excess. \

4. In the cases of native salty water and of brine, magnesium
is in moderate excess but is in amounts less than the corre-
sponding sodium deficiencies, as could result from a normal ex-
change of bases between either of the two potential contaminants
and a material whose exchange media previously had been in
equilibrium with the uncontaminated calcium bicarbonate water.
In the case of ocean water, however, magnesium is deficient sub-
stantially and in an amount greater than the sodium deficiency.
The greater deficiency in magnesium would be distinctly
anomalous as an effect of base exchange. (See p. 89.)

Although far from conclusive, the weight of the foregoing
chemical evidence seems to favor a native salty water or an oil-
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TABLE 14.—Contaminated water from well 6/11-11E1 in comparison with
hypothetical mixtures of the presumed native water from that well with
three potential contaminants

Constituents
Mag- Bicar- -
Caleium Sodium Sulfat> | Chloride
Ca) | "Geay | Net | XE85.| 800 | (€D
Parts per million:
Standard native water of the
upper zone of Huntington
Beach Mesa........_._..._.... 46 10 34 205 35 18
Well 6/11-11E1, contaminated
water of Oct. 14, 1925 (table 30) 81 21 185 286 24 308
Standard native water mixed
with:
Native salty water of well
5/11-29P1 - 62 15 206 246 30 308
Brine of well 5/11-34 54 19 207 235 35 308
Ocean water. 51 30 198 205 75 308
Equlvalents per million:
6/11-11E1, Oct. 14,1925 ________ 4.04 1.73 8.08 4.68 .50 8.6
Mixture with 20P1______________ 3.10 1.26 8.96 4.03 .62 8.67
Mixture with 34L_.....___._____ 2.69 1.55 9.02 3.85 74 8.67
Mixture with ocean water......_ 2.56 2.43 8.60 3.36 1.56 8.67
Excess (+) or deficiency (—) of
the contaminated water with
respect to:
Mixture with 20P1_.________ +.94 +.47 —.88 +.65 —12
Mixture with 34L_______._.__ +1.35 +.18 —.94 +.83 —.24¢
Mixture with ocean water..| ' +1.48 ( —.52 +1.32 —1.06

1 Includes equivalent of potassium (K).
2 Includes equivalent of carbonate (COs).

field brine as the contaminant at well 6/11-1-E1, but does not
preclude ocean water. A similar showing can be macde of the
incipient contamination at other wells in the southeastern area
(excepting well 6/11-11J3). Oil-field brines have keen dis-
charged promiscuously onto the permeable land surface of the
mesa (p. 77), and could have percolated downward into the
upper water-bearing zone. Salty waters or brine are not known
to be native in either the upper or the middle water-bearing
zone, but easily could exist in local structural traps along either
or both of the two faults that parallel the coast.

The available fragmentary information suggests that beneath
the southeastern part of the mesa, the contaminant or contami-
nants first have invaded the upper water-bearing zone and then
have reached the middle zone by way of wells whose casings
are inadequate or are perforated in both zones. This suggested
path of invasion precludes none of the potential contaminants.

Neither are pertinent hydrologic data conclusive. Thus, as has
been stated, the upper water-bearing zone presumably is con-
tinuously permeable to an offshore outcrop, at least ir the ex-
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treme eastern part of the mesa, so that there the fresh waters
of the land would have been in hydraulic continuity with the
ocean. Also, if native salty waters exist in the upper zone to
the northwest, they would have had some hydraulic continuity
with the native fresh waters of the southeastern area. In well
6/11-12E1 (which penetrates only the upper water-bearing zone
at the extreme eastern edge of the mesa) the fresh water head
was 8.6 ft above sea level in 1924, had been drawn down to about
1 ft above sea level by late 1925, and remained about 1 ft above
sea level through the latest measurements in 1930. In well 11E1,
which is about a mile to the west and which has been described
as penetrating both the upper and middle zones, the head has
fluctuated slowly between 1.3 and 4.5 ft above sea level since
1931, with the greatest head in 1941. This range is krown from
monthly measurements by the Orange County Flood Control Dis-
trict. So substantial a depletion of the fresh water I'=ad could
have caused brine to move inland from the ocean, or caused salty
water native in the upper zone to have migrated from the north-
west, or both.

In this treatment of the chemical aspects of water contamina-
tion beneath the southeastern part of the Huntington Beach Mesa,
an exception has been made of well 6/11-11J3. In 1931, water
from this well was more intensely contaminated than that from
any other well of the particular area for which comprehensive
analytical data are available. As table 15 shows it is unique for
the area in that it resembles the first-stage contaminated waters
of the Santa Ana Gap, such as that from well 6/11-12N1 (fig.
18, p. 120) ; also, it resembles contaminated waters beneath the
central part of the mesa, which will be described later.

Table 15 draws the contrast between the contaminsted water
of well 18J3 and that of well 11E1, previously described. Re-
garding specifically the three hypothetical mixtures and in terms
of chemical equivalents:

1. In all three, the contaminated water of 18J3 has relatively
large excesses of both calcium and magnesium, but in amounts
substantially less than the corresponding sodium deficiencies.
(With 11E1, the excesses of calcium and magnesium were greater
than the sodium deficiencies.) Evidently, a considerable exchange
of bases, together with precipitation of calcium in moderate
amount, would be necessary to produce this result.

2. With native salty water and with brine, sulfate is in mod-
erate excess (rather than deficient in nominal amount, as with
11E1); evidently, this constituent would need be gained from
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some source not indicated by available data. In the case of ocean
water, sulfate is moderately deficient, a condition which could
result from reduction of that constituent.

TABLE 15.—Contaminated water from well 6/11-11J8 in comparison with
hypothetical mixtures of the presumed native water from that well with
three potential contaminants

Constituents
. Mag- : Blcar- .
Calcium Sodium Sulate | Chloride
©o) | T | TNe)t | (PROHE, | 809 | (CD

Parts per million:

Standard native water of the
upper zone of Huntington
Beach Mesa_____._.......__... 46 10 34 205 35 18

Well 6/11-11J3, contaminated
water of Oct. 19, 1931 (ad-
justed) ool 217 46 112 191 56 540

Stan%ard native water mixed

Native salty water of well

5/11-29P) ________________ 75 19 344 279 25 540
Brine of well 5/11-34L._______ 60 26 347 259 35 840
Ocean water . ___.____._..._ 56 45 330 205 107 540

Equivalents per million:
6/11-1133, Oct. 19, 1931_______._. 10.82 3.80 4.89 3.13 1.18 15.22
Mixture with 29P .............. 3.74 1.60 14.98 4.57 .63 15.22
Mixture with 34L__.____________ 3.00 2.12 15.08 4.4 74 18.22
Mixture with ocean water._.____ 2.78 3.70 14.33 3.36 2,23 15.22
Excess (+) or deficiency (—) of
the contaminated water with
respect to:
Mixture with 20P1._______._ +7.08 +2.20 —10.09 —1.44 +.63 |oceeaaana
Mixture with 34L._.__._.___ ~+7.82 +1.68 —10.19 —1.1 +.42 ..
Mixtare with ocean water._ +8.04 +.10 —9.44 —23 —1.07 |ooaaaos

1 Includes equivalent of potassium (K).
2 Includes equivalent of carbonate (CQs).

3. In all three mixtures, bicarbonate is deficient (wlereas with
11E1 bicarbonate was in excess) ; the deficiency was only nomi-
nal in the mixture of ocean water, but moderate in the mixtures of
native salty water and brine. This deficiency in bicarbonate would
be accounted for in the precipitation of calcium as the carbonate.
However, in the mixtures of native salty water and of brine, this
deficiency would need be coupled with the gain in sulfate already
cited. This is somewhat anomalous. In the mixtur: of ocean
water, the over-all loss in bicarbonate would need be greater
than the gain in bicarbonate through reduction of sulfate.

This chemical evidence for well 11J3 is even less conclusive
than that for well 11E1 and precludes none of the three poten-
tial contaminants. In some respects, contamination largely by
ocean water would be somewhat the more likely.

Among the four wells which penetrated substantially the full
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thickness of the upper water-bearing zone but did not reach the
middle zone, and for which comprehensive analytical data are
available (table 138, fig. 18), well 11J3 is deepest and nearest
the coast. Thus, its more intense contamination, as of 1931,
is not unusual if the contaminant was moving intn the area
at the very bottom of the water-bearing zone or fromr the direc-
tion of the coast.

The foregoing discussion has implied that, as of 1931, the
native fresh waters of the upper zone in the southeastern part
of the Huntington Beach Mesa may have been invaded both by
a connate oil-field brine or a salty water native to the zone, and
by ocean water. Neither chemical nor hydrologic date are avail-
able to demonstrate conclusively the actual source or sources of
contamination at that time or subsequently.

CONTAMINATED WATERS BENEATH THE CENTRAL AND WEST-CENTRAL PARTS
OF THE MESA

GENERAL FEATURES

As of 1931, definitely contaminated waters containing more
than 50 ppm of chloride underlay about 550 acres in the central
and west-central parts of the Huntington Beach Mesa, inland
beyond any barrier features of the Newport-Inglewood structural
zone. (See pl. 114.) The most highly contaminated water then
known in the area was in the NW1/ sec. 2, T. 6 S., R. 11 W,,
where a sample from 100 ft below land surface in vnused well
6/11-2D1 contained 1,757 parts of chloride. To the southwest,
in the central part of sec. 2, the four wells at the Clay plant
of the Southern California Water Co. were not used after early
1931 because of excessive salinity. Samples bailed from these
wells in April 1931 indicated a chloride content ranging from
75 to 815 ppm.

By 1941-42, this area of definitely contaminated waters cov-
ered about 900 acres—most of the 350-acre increase in the inter-
vening decade occurred north of Garfield Avenue snd east of
Golden West Avenue, and about 125 acres reached beyond the
mesa into the east flank of the Bolsa Gap. As in 1931, the most
intense contamination was in the central part of sec. 2, where
well 6/11-2G4 (Southern California Water Co., well 3) in 1941
produced water containing 1,800 ppm of chloride after 214 hr
of pumping, At the same time, bailed samples from two of the
other three wells owned by the company contained 3,640 and
3,530 parts of chloride.

The following table 16 summarizes data and shows, as of 1945,
that the most intensely contaminated waters were and are from
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wells that tap only the upper water-bearing zone; in waters
from wells that tap the middle zone the contaminaticv is mod-
erate, but in those from the two wells that presumably tap the
lower zone, the contamination is little more than incipient; and
seemingly, through the decade ending with 1941-42, the intensity
of contamination increased in all parts of the area and in waters
from wells tapping all three water-bearing zones. It is inferred
that contaminants are widely dispersed only in the upper zone,
from which presumably they have reached the middle zone locally
near wells with casings perforated in the two zones. Although
incipiently contaminated water has been yielded by wells that

TABLE 16.—Wells of know depth tapping contaminated water in central and
west-central parts of Huntington Beach Mesa, also in the adjacent part
of Bolsa Gap

[In sequence of increasing depth to zones tapped]

Parts per million
Well Depth of Depth of Water-
number well perforated bearing Date
on plate 11 (feet) casing (feet) zone Chloride Dissolved
solids
6/11-2K1._..__. 34227 | oean 1931.
5/11-26N1__.__ 126-57 475-380 | 1941-42,
34A1 . 1256-64 | _________.. 1930-31.
34A2.____ 71 375 | Sept. 18, 1931
35N1.___. 483 1,050 | May 9, 1931
103 402 | Oct. 18,1930
6/11-2G1_..._ 617 1,320 | May 5,193
el g M
ug.
262...... B ----do-... 13,530 6,500 | Mar. 26, 1041
73 361 | Oct. 21,1930
PR [ SO 1 4 918 | July 18,1933
| 31,845 3,670 | May 20, 1941
41, 3,050 | Jan. 3, 1941
....do____ 392-227 850-740 | 1941-42.
Upper and 129 489 | Oct. 15, 1925.
middle(?) ; 757 07 | o
1,75 2 ct. 21, 1931.
Upper (D) 1820655 | 1,660-1,400 | 104142, '
Alluvium 29 277 | Apr. 27,1939,
74-96 | 80-foot 208 695 | Jan. 20, 1943.
5/11-26M1____ 201 gravel 513 220 | Feb. 3,1943.
153-179 | Middle | 6213 640 | June 4, 1943.
60-85 su)—foot1 { l;g gig %ept. 184, }gﬁl.
grave ec. 2.
26M2.._. 282 175_180} Middle ’
j e O O
18 | Upper 27 289 | Aug. 11,1030
6/11-2G3_...._ 258 214-224\ g. 11, 2990,
| 242254 ylddle . { 476_2 ﬁ: ......... :‘.5‘;{.)- 1\;Iar. 26, 1941.
pper an 2 1,180 1941-42.
5/11-35L1...... S middle(?) {f 328 %4 | Apr. 9, 1062
[ 213-246 | Middle ct. 21, 1931
v I =0 T R TR 1
6/11-2B2 ||t Middle and 64-111 320-640 | 1941-42,
lower(?)

1 Bailed from near bottom of well or below perforations.
2 Bailed from 44 ft below static water level.

3 After pumping 1 hr,

+ Bailed just below static water level in idle well.

5 Well flowing.

¢ After pumping 6 hr.
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tap the lower zone, it is altogether possible that contaminants
have not yet invaded that zone but are drawn wholly from over-
lying zones as the few deep wells are pumped.

PROGRESSIVE DEPRECIATION OF WATER QUALITY AT WELLS OF THE SOUTHERN
CALIFORNIA WATER CO., CLAY PLANT

As has been stated, the four public-supply wells at the Clay
plant of the Southern California Water Co. (6/11-2731, -2G2,
-2G3, and —2G4) in the southwest angle of Clay Street and
Huntington Avenue (see pl. 11), were taken out of service in
early 1931, by which time the chloride content of their waters
ranged from 400 to 600 ppm. Considerable contamination was
then evident. Three of the four wells tapped only the upper
water-bearing zone beneath the central part of the Huntington
Beach Mesa; the fourth well, 2G3, tapped both upper and middle
zones. In early 1941, samples bailed from wells 2G1 and 2G2,
from below the perforations in their casings, contained 3,530
and 3,640 ppm of chloride, respectively; samples taken from
the pump of well 2G4 contained 1,845 parts of chloride after 1
hr of draft, and 1,800 parts after 214 hr of draft. (See table 16.)
It is concluded that in the decade ending in 1941 the contami-
nant had continued its invasion of the area even though the
draft from wells had almost ceased, and that the contaminant
had not become dispersed uniformly through the uprer water-
bearing zone but was most concentrated in the lower part of
that zone.

Figure 19, plate 15, and table 17 present available significant
evidence of the chemical characters of the contaminated waters
from the four wells, of the native fresh water, and of potential
contaminants. On figure 19, a single analysis for well 6/11-2G3
is not plotted because that well taps both the upper and middle
water-bearing zones; thus, the figure concerns only waters wholly
from the upper zone. Three potential contaminants are consid-
ered specifically: ocean water and representative brines from
two oil wells of the Huntington Beach field, 6/11-11A2 and 5/11-
34L. This evidence indicates admixture of a contaminart of high-
chloride content generally accompanied by considerable base-
exchange hardening. Although not conclusive, the evidence favors
admixture of an oil-well brine, gain in both calcium and mag-
nesium by exchange of bases with the water-bearing material,
virtually no reduction of sulfate, and precipitation ¢f calcium
carbonate in nominal amount. In contrast, if the admixed con-
taminant were ocean water it would be necessary that sulfate
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FIGURE 19.—Chemical character of native and contaminated waters from
three wells of the Southern California Water Co. (Clay plant) in 1925-41,
also of potential contaminants and of two other contaminated waters.

be reduced and calcium carbonate precipitated, botl in consid-
erable amount, but reduction and precipitation in the required
amounts are believed unlikely. Admixture with o~ean water
would necessitate loss of magnesium by exchange of bases, but
not in unreasonable quantity.

Evidently the contaminated water of well 6/11-2D1, half a
mile northwest of the Clay plant, could have resulted from chem-
ical processes identical with those here described.

This discussion of depreciated water quality at wells of the
Southern California Water Co., Clay plant, has pertained only to
the upper water-bearing zone. However, one of the four wells at
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TABLE 17.—Contaminated water from well 6/11-2G4 (Southerr. California
Water Co., Clay plant, well 1) in comparison’ with hypothetical mixtures
of the presumed native water from that well with three potential con-
taminants

Constituents

Mag- N Bicar-
Calcium Sodium Sulfate | Chlorlde
(o) | TS | (Nap | [PPEHS. ) "800 | (CD

Parts per million:

Standard natlve water of the
upper zone of Huntington

Well 6/11-2G4, contaminated
water of May 20, 1941 (ad-
Justed).. . oo oi.ol_. 454 87 649 334 37 1,838

Stand}:lard native water mixed
wit,

Brine of well 6/11-11A2____ 64 25 1,225 369 31 1,838
Brine of well 5/11-34L_______ 96 64 1,126 394 35 1,838
Oceanwater__..______._____. 80 131 1,066 206 286 . 1,838
Equlvalents per million:
6/11-2G4, May 10, 1941 __________ 22.68 7.19 28.22 5.48 a1 51.82
Mixture with 11A2.._ - 3.19 2.06 53.26 6.05 .64 51.82
Mixture with 34L____ 4.77 5.20 48.96 6.46 74 51.82
Mixture with ocean w. 3.99 10.81 46.35 3.38 5.95 51.82
Excess (+) or defictency (—) of
he contaminated water with
respect to:
Mixture with 11A2...______. +10.47 +5.13 —25.04 —.57 +.13 [..
Mixture with 34L___________ +17.89 +1.80 —20.74 —.08 +.03 |..
Mixture with ocean water_.| -18.67 —3.62 —18.13 +2.10 —5.18 |..

1 Includes equivalent of potassium (K).
2 Includes equivalent of carbonate (COs).

that plant, 6/11-2G3, has been described as tapping both the
upper and the middle water-bearing zones. Thus, that well
and any others of like penetration and casing perforations afford
conduits through which the contaminant might reach the middle
zone. In this respect, paired measurements of water level made
weekly by the Geological Survey from December 1940 to De-
cember 1942 shows that the head of the water in the upper zone
(well 2G2) then ranged from 1 ft to 8 ft above sea level, and
for most of that period was from 1 ft to 3 ft greater than the
mean head of the upper and middle zones combined (vrell 2G3).
1t is reasonable to expect that similar conditions then prevailed
and still prevail rather widely in this central part of the Hunting-
ton Beach Mesa. Thus, the relatively great density of the saline
contaminant and the greater head in the upper water-bearing
zone probably have acted and are acting jointly to trarsmit con-
taminated water from the upper zone downward to the middle
zone, through wells such as 2G3 whose casing is perforated (as of
1945) in both zones. In other words, it is altogether probable
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that the middle Water-bearmg zone is being contaminated steadily
from above.

INTERMITTENT DEPRECIATION OF WATER QUALITY AT WELLS OF THE SOUTHERN
CALIFORNIA WATER CO., GOLDEN WEST PLANT

At the extreme northern reach of known contamination in the
west-central part of the Huntington Beach Mesa, the two public-
supply wells at the Golden West Plant of the Southern California
Water Co. (5/11-26M1 and —-26M2) in recent years irtermittently
have yielded water of depreciated quality. These two wells were
drilled on the floor of the Bolsa Gap in or about 1931, in lieu
of the abandoned wells of the Clay plant whose contaminated
waters were just described. Their casings are perforated both
in the “80-foot gravel” of the Recent alluvial deposits and in
the northwestward extension of the middle water-t=aring zone
of the Huntington Beach Mesa. (See table 15.) These two wells
have supplied water for the city of Huntington Beach since 1931
and, although it now is known that some incipient depreciation
of quality occurred at least as early as 1938, water with an ob-
jectionably large content of chloride first was recognized by the
operators in the discharge from well 26M1 late in the autumn of
1942, That well then was taken out of service temporarily.

Figure 20 graphs the chemical analyses for the two wells of
the Golden West plant, and suggests that the contamination has
progressed consistently toward water chemically similar to that of
well 6/11-11J3, previously described. Table 18 compares the
most intensely contaminated water of well 26 M1 and hypothetical
mixtures of the water native to the “80-foot gravel” with the
representative brines of oil wells 6/11-11A2 and 5/11-34L, also
with ocean water. Evidently the actual contaminated water could
have resulted from admixture of either brine, coupled with mod-
erate exchange of bases, and with moderate gain in both calcium
and sulfate (from some unknown source); also, it could have
resulted from admixture of ocean water coupled with moderate
exchange of bases and gain in both calcium and bicarbonate. The
admixture with ocean water would require the less extensive
modification.

Critical information about hydrologic aspects of the intermit-
tent contamination in these wells of the Golden West plant is
afforded by certain pump tests and controlled operations in 1942-
43, in sequence as follows:

1. As has been stated, well 26M1 was shut down in the late
autumn of 1942 when substantially contaminated water first was
detected by the operating agency. For several months previ-
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Ficure 20.—Chemical character of native and contaminated waters from
wells 5/11-26M1 and 26M2 (Southern California Water ‘Co., Golden West
plant, wells 2 and 1) in 1931-43, in comparison with misce'laneous
contaminated waters. -

ously the public-supply load had been divided equally between
this well and 26M2, by pumping each well on alternate days.
Subgsequently, through December 29, 1942, the full load was car-
ried by well 26M2 and the water from that well remained of
usable quality; well 26M1 stood idle except for a purmp test de-
scribed next.

2. On December 10, 1942, a 4-hr pumping test at a withdrawal
rate of 1,150 gallons a minute was made on well 26M1 by the
Geological Survey. After the first minute and through 2 hr
of draft, the quality of the water discharged was essentially con-
stant—chloride, 12 or 13 ppm; hardness, 110 to 115 ppm; total
dissolved solids (estimated from electrical conductivity), about
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220 ppm. During the third and fourth hours of draft the amounts
of these constituents increaspd slightly. (See fig. 18.)

TABLE 18.—Contaminated water from well 5/11-26M1 (Southern California
Water Co., Golden West plant, well 2) in comparison wih hypothetical
mixtures of the presumed native water from that well with three poten~
tial contaminants

Constituents

Mag- Bicar-
Calcium nesium S&(\lrlau)lln bhonate Sulfate Ch{(})id)de

(Ca) (Mg) (HCOy)? (804) (

Parts per million:
Standard native water of the
80-foot gravel ______________.__ 56 11 32 212 47 23
Well 5/11-26M1, contaminated
water of Jan. 20, 1943 (ad-

justed) ..~ "2 20 93 231 73 211
Standard native water mixed
with:
Brine of well 6/11-11A2____ 58 13 155 228 47 211
Brine of well 5/11-34L__.____ 61 17 145 231 47 211
Ocean water......__.._..... 60 24 138 212 73 211
Equivalents per million: .
5/11~26M 1, Jan. 20, 1943___.____. 5.56 1.63 4.06 3.78 1.53 5.94
Mixture with 11A2 2.89 1.03 6.73 3.74 97 5.94
Mixture with 34L 3.06 1.37 6.28 3.79 98 5.94
Mixture with ocean water. 2.98 1.94 .01 3.47 1.52 5.94
Excess (+) or deficiency (—) of
. the contaminated water with
respect to:
Mixture with 11A2.._______. +2.67 +.60 —2.67 +.04 +.56 [ooooe
Mixture with 84L__...___.___ +2.50 +.26 —2.22 -0 488 {cemacaeoo
Mixture with ocean water_. +2.58 —.31 —1.956 +.31 +.01 [

1 Includes equivalent of potassium (K).
2 Includes equivalent of carbonate (COs).

3. From December 29, 1942, to January 4, 1943, the two wells
were rotated in service and were pumped from 16 to 19 hr
each, on alternate days; 405,400 cu ft of water were pumped from
well 26M1 and 246,900 cu ft from well 26M2. Samples taken
at the end of each day’s pumping showed that in the water from
well 26M2 the dissolved solids remained essentially constant at
about 380 ppm, but in the water from well 26M1 they increased
progressively from 580 ppm on December 29 to €65 parts on
January 2 and 4. Thus, after 17 to 19 hr of draft on each
alternate day, the dissolved-solids content in the water from
well 26M1 was between 2.6 and 2.9 times that at the end of
the 4-hr test of December 10.

4. From January 4 through 11, well 26M2 was idle but well
26M1 was pumped daily; a total of 774,300 cu ft of water was
withdrawn. At the end of this period the chloride content of
the water was 243 ppm and soap hardness was 400 ppm; total
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FIGURE 21.—Chemical character of water discharged from well 5/11-26M1
(Southern California Water Co., Golden West plant, well 2) during rumping
tests of December 10, 1942, also February 3 and June 4, 1943.

dissolved solids were about 750 ppm, or 8.3 times that after the
4-hr test.

5. Through part of January 18 well 26M1 was idle and all the
public service was carried by well 26M2; the draft for the
period was 688,700 cu ft.

6. Well 26M1 again was pumped 3614 hr on January 18-20,
and 207,800 cu ft of water withdrawn. A sample taken at or
near the end of this period contained 208 ppm of chloride, 362
parts of hardness, and 695 parts of all dissolved solids (fig. 20,
tables 18 and 30). Thus, following a week of idleness and then
the draft described, the intensity of contamination was about the
same as on January 11 after draft for a week. Subsequently, until
February 3, well 26M1 was idle and well 26M2 alone was pumped
for public supply.

7. On February 3 a second pumping test was made on well
26M1 by the Geological Survey. Its duration, which vrag limited
by reservoir capacity, was 8 hr and 15 min; total metered draft
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was 74,550 cu ft; average rate of draft was 1,130 gpm. At the
start of the test the well was flowing by artesian pressure. As
figure 21 shows, through about 114 hrs of draft, the water dis-
charged was essentially identical in quality with that during the
corresponding interval of the test of December 10—the total-
solids content was only 32 percent of that after the service pump-
ing of January 18-20. Thereafter, the quality of the water de-
preciated steadily until at the end of the test the total-solids
content was 295 ppm, but even then only 42 per-ent of that
on January 20.

8. Well 26M1 was not pumped again until mid-April, except on
February 15 and March 6-7; later it was pumped frequently
in rotation with well 26M2 and was pumped from 18 to 20 hr
daily on May 22-25 and 29-31. As shown by paired samples taken
during the latter period, after 5 min of draft on each day the
quality of the water was good and was essentially identical with
that after a like term of draft in the tests of December 10 and
February 3, but by the end of the pumping pericd it had de-
preciated to that of January 20. (See following tzble 19.)

TABLE 19.—Chemical character of samples from well 5/11-26M1 during
pumping, May 29-June 1, 1943

Parts per million

Elapsed Draft Dissoly
ed
P“gﬂlging (cu ft) Soap solids (esti-
Chloride mated from

hardnes: electrical

conductivity)

May 20-30_. . . ... S5min | . ______.____ 14 110 220
20 hr 148, 900 209 300 660
May 30-31_._____..__. 5min | 19 115 235
20 hr 140, 800 222 290 690
May 31 ... S5min ... 14 120 220
June 1. oo 18 hr 133, 200 214 320 680

9. Subsequently, well 26M1 was idle until June 4 when a final
6-hr pumping test was made by the Geological Survey; the rate
of draft was 1,150 gpm. As figure 21 shows, only during the third
minute of this test was the quality of the water like that of the
two earlier tests; thereafter the quality depreciated steadily
though not uniformly. After 14 min the total-solids content was
275 ppm or 40 percent of that after the pumping period of
January 18-20, after 30 min was 77 percent, after 134 hr was
95 percent, and at the end of 6 hr was 98 percent (680 ppm).
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During the 6-month term of these tests and observations, the
water from well 26M2 remained about constant ir quality al-
though incipiently contaminated, whereas that from well 26M1
intermittently had been contaminated substantially and seem-
ingly to about the same degree at the end of each cay’s service
pumping. Evidently the contaminant was not then dispersed
throughout the water-bearing materials tapped by tke two wells,
but was drawn into the wells in unequal proportions by the
pumping draft. It is inferred that the contaminant is entering
the casing of well 26M1 largely or exclusively through its upper-
most perforations, which are 35 to 62 ft below land surface
(table 16) and which presumably tap unconfined vrater in the
alluvial deposits of the Bolsa Gap. Yet, well 26M2 is reported
to have penetrated impermeable clay and “hardpan” from 38 to
60 ft below land surface, immediately above its topmost perfora-
tions of casing and in the depth range of the topmost perforations
of well 26M1; accordingly, it does not tap the unconfined water
body. Thus, it is believed that the contaminant can reach well
26M2 only by some devious path, either beyond the edge of its
impermeable blanket or through well 26M1 and thence through
a permeable zone tapped by both wells.

The immediate source of the contaminant is believed to be the
unconfined water body tapped by well 26M1 but not by well
26M2. This body is contaminated, as of 194142, as is shown by
samples from three test wells which are all less than 15 ft deep
and which are just east of Golden West Avenue botween well
26M1 and the foot of the mesa 1,300 ft to the south—specifically,
by samples from well 5/11-26M3, chloride contert 101 ppm;
from well 26N2, chloride from 55 to 753 parts; ard from well
26N3, chloride 2,070 parts. (See table 31.) Commonly, however,
the head of this unconfined and contaminated body is less than
that of the underlying essentially fresh water bodies that are
confined and tapped in common by the two wells of the Golden
West plant—except as the fresh-water head is drawn down by
protracted draft. Under such conditions of head and the physical
conditions previously described, equivalent draft would draw
unequal quantities of the contaminant into the two pimped wells.

SOURCE OF THE CONTAMINANT

Although the available chemical evidence does not conclusively
show the source of the saline contaminant in the central and
west-central parts of the Huntington Beach Mesa, certain gen-
eral supplemental evidence seems conclusive. Specifically:

1. Somewhat promiscuous disposal of waste oil-well brines onto




152 GROUND WATERS—LONG BEACH-SANTA ANA AREA

the surface of the Huntington Beach Mesa has been described
briefly on pages 77 and 78.

2. Several sumps and ponds within a mile of the Golden West
plant of the Southern California Water Co. contained brines with
chloride contents ranging at least from 2,000 to 20,000 ppm;
also, similar brine was being discharged at least intermittently
by way of a gully which is several hundred feet east of Golden
West Avenue and which discharges onto the floor of the Bolsa
Gap near the plant.

3. Regarding ocean water as-the possible contaminant, even
the natural tidal overflow into the Bolsa Gap failed by about a
mile to reach the vicinity of the Golden West plant, and currently
(1945) the reach of the tides is controlled by dikes and a gate
structure at the mouth of the Bolsa Bay (p. 65).

4, In the central part of the mesa, in the general vicinity of
the Clay plant of the Southern California Water Co., waters in
the upper productive zone have become extensively and grossly
depreciated in quality even though their mean head is and has
been sufficient to have precluded a widespread incursior of ocean
water.

5. The earliest known contamination ensued within a few years
after the discovery of the Huntington Beach oil field; also, the
areal extent and the focus of contamination are rougkly coinci-
dent with the extent and focus of the earlier oil-fiel¢ develop-
ment,

All this general evidence supports the conclusion that the con-
taminant of the central and west-central parts of the Huntington
Beach Mesa is very largely (if not exclusively) oil-feld brine
which has been and, as of 1945, is being wasted onto the permeable
land surface, which percolates downward to and laterally within
the upper water-bearing zone, and which thence moves down-
ward through wells into the middle and lower water-bearing
zones,

CONTROL OF THE EXTENT AND DEGREE OF CONTAMINATION

As has been shown, the upper water-bearing zone of the Hunt-
ington Beach Mesa now is contaminated extensively and at some
places rather intensely; also, at least in the central part of the
mesa the ultimate source of contaminants lies very largely or
exclusively in oil-field brines that have been, and to some extent
still (1945) are discharged promiscuously onto the land surface.
Near the coast, in the southeast part of the mesa, ultimate sources
of contamination also may lie in the ocean or in a body of
salty water native to the Pleistocene deposits. Whatever the
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ultimate sources may be, the contaminated waters cannot prac-
ticably be flushed from the area, nor can the reach of contamina-
tion be arrested generally by stabilizing the pumping levels in
wells. Rather, even if waste brines all were piped to the ocean,
the total quantity of contaminants heretofore accumulated below
land surface would not be diminished and for many years those
contaminants presumably will disperse themselves ever more
widely in the upper water-bearing zone, even though little or no
water should be pumped from that zone. Regarding such dis-
posal, abandonment of the Clay plant of the Southern California
Water Co. and virtual ending of heavy withdrawals elsewhere in
the central part of the mesa about 1931, have not been followed
by improvement of water quality in that vicinity. In fact, the
intensity of contamination there seems to have incressed greatly
during the ensuing decade. Thus, over an area even more exten-
sive than that now contaminated, the upper water-bearing zone in
the future will constitute an immediate source for contamination
of the underlying two water-bearing zones through any and all
deep wells that are not adequately cased.

In the southeastern, central, and west-central parts of the mesa
the middle water-bearing zone definitely is contaminated locally,
but presumably the contaminants have reached that zone only
from above and by way of many wells whose casings are per-
forated in both the upper and middle zones or have deteriorated
in the upper zone. (See p. 145.) Thus, with appropriate repair
of existing wells and adequate construction of future wells, as
explained later, further influx of contaminants to the middle zone
could be halted effectively. However, if pumping drafts should
be increased, the contaminants now contained in this zone prob-
ably will become dispersed more widely.

Two wells which tap the lower water-bearing zone in the cen-
tral part of the mesa have discharged slightly contaminated water.
(See table 16.) Although the contaminants so discharged may
have issued largely from one or both of the overlying two water-
bearing zones only during pumping, and although the lower zone
may be contaminated no more than incipiently at this time, there
is a grave possibility that the zone is being contaminated steadily
from above, through wells, just as the middle zone is being con-
taminated. This thick lower water-bearing zone beneath the
Huntington Beach Mesa, which now is tapped by only a few
industrial wells, constitutes a potentially productive reserve source
of fresh water wherever the overlying two zones now are or may
become contaminated (Poland and others). Obviously, it is
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urgent that contamination from above should be prevented if
its potential yield of fresh water is to be realized.

Thus, on the Huntington Beach Mesa, control of the extent
and degree of contamination is primarily a problem of adequately
plugging abandoned wells, possibly of reconstructing some wells
now in use, and of appropriately casing any new wells. In the
lower zone, the problem is most pressing, as of 1945, in the
area north of Garfield Avenue and west of Hunting“on Beach
Boulevard (pl. 11); there, at least seven wells penetrate that
zone, and five of the seven are known to have casings perforated
in both the middle and lower zones.

For the ultimate withdrawal of the largest possikle volume
of fresh water from wells on the Huntington Beach IMesa, it is
suggested that:

1. All discharge of oil-field waste fluids into permeable sumps,
into natural drainage ways, or otherwise onto the land surface of
the Huntington Beach Mesa be discontinued.

2. All wells abandoned permanently be filled with impermeable
material through the middle and lower water-bearing: zones, if
penetrated, and then be securely plugged at the bottom of the
upper zone.

3. Within and for half a mile beyond the several areas of
known contamination in the upper zone, wells now in use be
reconstructed if necessary, so that the casing of none will be
perforated both in the upper zone and in either of the underlying
two zones. As contamination in the upper zone beccmes more
widespread, the area of control by reconstruction of wells should
be extended.

4. All wells which are within the areas of known contamina-
tion, and whose casings are perforated in both the riiddle and
lower zones, be adequately tested to determine whether the water
withdrawn is contaminated; then, if appreciable contamination
is found, that all such wells be so reconstructed that their casings
will take water from either one of the two zones, but not from
both zones.

5. In the construction of each new well on the mesa, the water
contained in each permeable zone be adequately sampled and
analyzed as drilling progresses, and the casing not be perforated
in more than one water-bearing zone unless the water of all such
zones is found uncontaminated and of good quality.

6. The casings of all wells be maintained in constant good re-
pair unless the well is filled and plugged in the manner just sug-
gested.
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CONTAMINATION AT AND NEAR LANDING HILL

Northwestward from the areas of contaminated water beneath
the Huntingon Beach Mesa, to and beyond the koundary of
Orange County, waters of high-chloride content seem to occupy
nearly all the Pleistocene deposits between the coast and the
principal fault or faults of the Newport-Inglewood structural
zone. It has been concluded that these waters are nztive to that
particular area, and not due to contamination. (See pp. 59-61.)
Conversely, throughout this reach there are only two active
wells along the inland side of the structural zone that have not
yielded fresh water of good quality continuously. These two are
(1) well 5/12-12P1, which is on the east flank of Landing Hill
in the extreme western part of Orange County, which was pumped
for domestic use and irrigation until 1942, and in whose water
the chloride content had increased from fewer than 20 to 211
ppm during the preceding 12 years; and (2) well 5/12-11G1,
which is in the Alamitos Gap about a mile to the northwest and
just outside of Orange County, which is pumped actively for
industrial use, and in whose water the chloride content has in-
creased from 27 ppm in 1942 to 252 parts in 1945. As will be
shown specifically, at these two wells the waters in the Pleistocene
deposits have been contaminated.

The contaminated-water well on Landing Hill, 5/12-12P1, is
on the inland side of and probably not more than 109 feet from
the Seal Beach fault. In 1931 its water was of the excellent
quality common to the main body of fresh ground water inland
from the fault, and ranged between 17 and 19 ppm of chloride.
However, on September 11, 1942, after the well had b=en pumped
for 16 min in a test by the Geological Survey, the chloride con-
tent was 346 parts. No analyses are.available for the period
from 1931 to 1941. Reportedly, the well was drilled to an initial
depth of about 400 ft, but in 1942 its measured depth was 185.3
ft; it taps the upper part of the San Pedro formation but presum-
ably is sanded up so that only a short length of its perforated
casing is open.

Figures 22 and 23 show the chemical character of the water
discharged from the well during two pumping tests by the Geo-
logical Survey, and the vertical range in the chemical character
of the water within the casing of the well during the second test.
The two tests were made in September 1941 and 1942. Data
shown in the two figures indicate that:

1. Even as of 1942, at least part of the aquifer contains water
whose content of dissolved solids is about 250 ppm and whose
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FIGURE 22.—Chemical character of water discharged from well 5/12-12P1 during
pumping tests of September 18, 1941, and September 11, 1942.

head is greater than that of the contaminant. This water is fresh
and of the excellent quality of that discharged from the well
during the first 2 min of test pumping on Sept. 11, 1942 ; presum-
ably it is native to the aquifer inland from the Seal Beach fault.

2. An interface between fresh water and a saline contaminant
exists in the aquifer and is stabilized at a depth greater than 185
ft below land surface under nonpumping conditions, but rises
into the well as the fresh-water head is drawn down by pumping.

3. The dissolved-solids content of the saline contaminant is
at least 1,350 ppm, or about 150 percent of that of the most saline
water known to have been discharged from the well.
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4. Hydrologic conditions in the vicinity of the well are such
that, during pumping, the native water of excellent quality moves
toward the well more freely than the contaminant. Thus, while
the pump is shut down for a long interval the contaminant ac-
cumulates at and near the well, but in the test of 1942 this ac-
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cumulation was depleted within 15 min of draft. With pro-
tracted pumping, the quality of the contaminated water improves
progressively and trends toward a blend of fresh water and con-
taminant in roughly stable proportions. In this stable blend, the
dissolved-solids content, as of 1941-42, was about 509 ppm, and
both chloride and hardness were about 160 parts.

Because neither a driller’s log nor a record of casing perfora-
tions are available, it seems futile to attempt an explanation more
explicit than the tentative conclusions just presented.

In this well, measurements of water level have been made
weekly by the Orange County Flood Control District since 1930
(Meinzer, Wenzel, and others, 1944, p. 122; 1945, pp. 140-142).
These measurements indicate that through 1943 the ronpumping
level at the well has ranged from 6.1 to 19.7 ft belov land sur-
face, or from 9.9 ft above to 3.8 ft below sea level. The lowest
levels were those of 1936. Because the draw-down commonly is
from 8 to 12 ft, during periods of intensive draft for irrigation,
the pumping level in the well probably has been depressed con-
tinuously to some 15 ft below sea level for as much as two months
at a time. During the test of September 1942 the pumping level
was about 8.5 ft below sea level. Because the well is not more
than 100 ft inland from the Seal Beach fault, and because saline’
water nearly as concentrated as ocean water is known to be native
in the water-bearing formations immediately across the fault,
it is evident that the landward hydraulic gradient developed by
intermittent draw-down below sea level at well 12P1—a gradient
of about 20 percent—has been sufficient to induce some move-
ment of salt water across the fault at this place.

About 300 ft northwest of well 5/12-12P1 but probably as
much as 200 ft inland from the Seal Beach fault, the city of Seal
Beach pumped water from wells 12P3 and 12P4 fromr 1936 until
1942. Water samples collected by the Geological Survey from
well 12P4 indicated a decrease in chloride content from 47 ppm
in April 1942 to 13 parts in July 1942 and 20 parts in October
1943. (See table 31.) After early 1942, when the public-supply
draft was shifted principally to well 12P6 (city of Seal Beach,
well 5) about 375 ft to the north, well 12P4 was maintained as
a stand-by source only. It is inferred that in well 12P4 contamina-
tion was incipient as of 1941, but had been dissipated by mid-
1942 owing to reduction of draft from 140 acre-ft in 1941 to a
negligible quantity in 1942,

About a mile northwest of these wells on the southeast flank
of Landing Hill, the second of the two active but contaminated
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wells here treated, 5/12-11Gl1, is in the Alamitos Gap about
1.2 miles from the coast and about 200 ft inland from the Seal
Beach fault. This well was drilled 740 ft deep-but probably taps
only two water-bearing zones—one from 70 to 92 ft below land
surface and in Recent (?) deposits, the other from 187 to 214 ft
and in the upper part of the San Pedro formation.

Figure 24 shows that in the water drawn from this well the
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FIGURE 24.—Chloride content of water from well 5/12-11G1 in the Alam‘tos Gap,
1933-45. (After analyses by Los Angeles County Flood Control Distrint.)

chloride increased from an average of 20 parts per million in
1933 to 30 parts in 1941, ranged between at least 27 and 59 parts
in 194142, and by April 1945 was 252 parts. The high-chloride
contaminant so indicated may have reached the well by percola-
tion downward from the unconfined water body which is in the
overlying surficial deposits, and which natively is of ver: inferior
quality (pp. 59-61) ; from across the Seal Beach fault, owing
to depletion of the fresh-water head by heavy draft inland from
that fault; or from adjacent but unused well 5/12-11171, which
has encountered saline water as is described later.

Downward percolation from overlying native water of in-
ferior quality is believed to be the least likely of these three
possible sources of contamination. Had this been the sole or
principal source, the water withdrawn probably would have in-
creased notably in chloride content early in the life of v7ell 11G1,
and less abruptly than in 1944-45.
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Indraft of saline water from across the Seal Beacl fault can
neither be proved nor disproved by the available evidence. Be-
cause well 11G1 is-only about 200 ft inland from the main fault,
because it was pumped heavily in the early thirties, and because
water levels on the inland side of the fault generally were de-
pressed the most during the early and middle thirties, it would
be expected that any such indraft would have been mo-~t rapid at
that time. Under those conditions, the very slow increase in
chloride content of the water yielded by the well frcm 1933 to
1942 might be explained as incipient contamination. If so, sub-
stantially larger volumes of saline water have reached the well
in the 3 yr since 1942 in spite of the regional increase in fresh-
water head that has occurred in the forties.

Regarding the third possible source of contamination, ad-
jacent well 5/12—-11H1, it is pertinent that:

1. It is about 300 ft inland from the Seal Beach fault and a like
distance southeast of active and contaminated well 11G1.

2. It was drilled in 1923 to a depth of 296 ft, reportedly found
saline water, never has been used, and when first sampled by
the Geological Survey in late June 1942 yielded water with 7,000
ppm of chloride. (See also paragraph 4).

3. Presumably it penetrates the two water-bearing zones tapped
by well 11G1. Also, its water level is depressed as much as 3 ft
by draft from well 11G1, and fluctuates in response to tidal
changes in the natural channel of the San Gabriel River a few
hundred feet to the west. These features imply that some hy-
draulic continuity exists between the water-bearing zones tapped
by the two wells and that well 11H1 may act as a conduit for ver-
tical movement of the contaminant.

4. Evidently there is some circulation of water through its
casing because: The sample which was taken by the Geological
Survey in late June 1942 and which contained 7,090 ppm of
chloride was bailed at 20 ft below static level and contained about
11,300 ppm of all dissolved solids. A conductivity test by the
Geological Survey in August 1942 showed that the water then
standing in its casing ranged from 7,250 to 8,200 rpm of dis-
solved solids from static level to a depth of 142 ft below land sur-
face (from 64 to 73 percent of the concentration at 20 ft below
static level a month earlier), increased to 12,000 ppm at 155 ft,
and then remained constant to the bottom of the well at 296 ft.
A sample pumped in November 1943, after 1 min of draft and
under a draw-down of 19 ft, contained 2,080 ppm of chloride
and 3,900 ppm of all dissolved solids (concentration 35 percent
of the bailed sample of August 1942).
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5. A pumping test by the Geological Survey indicater that any
perforations in its casing have become almost whclily closed
by encrustation and corrosion—the water level drew down to the
pump intake immediately and, when the residual draw-down was
3 ft, the casing refilled at the rate of only 1.6 gpm. Even so,
because its water level currently is drawn down about 3 ft by
the draft from well 11G1, under that same draft it now could yield
contaminant to the fresh-water aquifers at a rate of a few gal-
lons a minute (a few acre-feet per year of draft). In the late
twenties and early thirties—presumably before the perforations
in its casing had become so nearly closed, while the draft from
well 11G1 was greatest, and while the fresh-water head gen-
erally was the lowest of record—its potential yield of contaminant
could have been greater.

In order to eliminate it as a possible cause of local contamina-
tion, well 11H1 was plugged by the owner in October 1944, after
the chloride content of water drawn from well 11G1 had begun
to increase sharply (fig. 24). No improvement in the quality
of water withdrawn had taken place by April 1945, nor would
improvement be expected quickly if any substantial volume of
contaminant previously had been drawn into the fresh-water
aquifers. The ultimate source of the high-chloride-content water
in well 11H1 is unknown; it may have been transmitted by sub-
surface flow from across the Seal Beach fault. However, the
marked change in water quality that took place within the casing
from June 1942 to November 1943, especially about 20 ft below
land surface, suggests strongly that salty water of variable
character was entering the well at shallow depth and then cir-
culating downward.

Whatever its ultimate source, a contaminant of high chloride
content may have accumulated in considerable volume in the
eastern part of the Alamitos Gap and just inland from the Seal
Beach fault, in the aquifers tapped by wells 5/12-11G1 and —11H1.
Even if the immediate source has been cut off by the plugging
of well 11H1, the contaminant probably will continue to disperse
so that, over a term of months or a few years, the vrater from
well 11G1 may become too saline for its present industrial use.
Seemingly it is impracticable to arrest the contaminant by arti-
ficially replenishing the fresh-water head through recharge wells.
Also, presumably it would be impracticable to withdrew the con-
taminant by continued pumping of well 11G1 or other wells con-
structed for that specific purpose. Obviously, if the contaminant
is moving across the Seal Beach fault by underflow, such a pump-
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ing operation would maintain the water level continuously below
sea level on the inland side of the fault and thus would induce
greater inflow of saline water. Under such conditions, partial
control over the reach and intensity of contamination can be
sought only by appropriate plugging of abandoned wells, possibly
by some reconstruction of active wells, and by whatever reduc-
tion of draft is feasible. (See p. 154.)

DEPRECIATED WATERS BENEATH THE NORTHEAST PART OF
NEWPORT MESA

Thus far, the description of water-quality depreciation in
Orange County has dealt with areas not more than 214 miles
from the coast. However, within the part of Orange County
covered by this report, there are two small addittonal areas about
5 miles inland, on the northeast part of the Newpor* Mesa, with-
in which certain wells have yielded water of inferior chemical
quality. At some places, if not all, depreciation has been pro-
gressive. The two areas are in secs. 1,2,and 3, T. 6 S.,, R. 10 W,
and in blocks b and 6 of the Irvine tract, about a mile to the south-
east. (See pl. 1.) For both areas, the data by Mendenhall in
1904 suggest that the native waters then yielded by active wells
were of good quality. (See pl. 2.)

In the three sections of T. 6 S., R. 10 W., the waters of inferior
quality are found only in certain wells which are less than 250
ft deep, and which tap upper Pleistocene deposits; type analysis
6/10-2H1 (table 30, pl. 10) is of a calcium, sodium sulfate water
containing 2,730 ppm of dissolved solids. Waters of this sort
have been described as native to the area (pp. 55-56) and they
constitute potential contaminants of the waters of excellent
quality that exist at greater depth, such as the sodium bicarbonate
water of well 6/10—1E2. It is these inferior waters at shallow
depth, not the underlying waters of good quality, that have de-
preciated in quality during the term of investig-tion by the
Geological Survey. For example, seven samples taken periodically
at well 6/10-2J1 between December 1940 and October 1942 have
depreciated progressively, as follows: in chloride, from 238 to
341 ppm; in hardness, from 1,000 to 1,500 parts; and in total
dissolved solids, from 1,500 to 2,100 parts. Three sramples from
type well 2H1 have ranged: in chloride, from 321 to 437 parts;
in hardness, from 1,500 to 1,600 parts; and in total solids, from
1,600 to 2,100 parts. The greater set of values just cited is from
the most concentrated of all these waters for which analytical
data now are available.

As stated, the area of these inferior and currently depreciating
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waters is part of a larger district within which the wells yielded
water of good quality in 1904. In 1904 Mendenhall listed 32 wells
within the three sections, as follows: 16 wells less than 250 ft
deep, dissolved solids about from 260 to 330 ppm; 7 wells more
than 250 ft deep, dissolved solids from 210 to 360 parts; among
5 wells of unreported depth, dissolved solids from 270 to 330
parts in four wells and 440 parts in the fifth; and 4 wells, dis-
“solved solids not reported. Thus, it would seem that the waters
found to be of inferior quality to a depth not greater than 250 ft
in 1940-43 have depreciated from an initial excellent quality
in 1904. No analytical data are available to show the progress of
depreciation in the 36-yr interim.

So far as the writers know, the underlying waters of excel-
lent quality are not, and have not depreciated in quality within
the particular area. Only two wells more than 300 fi. deep are
known to have yielded water containing more than 20 ppm of
chloride or more than 360 parts of total dissolved solids (for
the majority of wells, not more than 250 parts of total solids).
One exception, well 6/10-2G1, is 516 ft deep and in December
1940 yielded a sample containing about 440 parts of dissolved
solids but only 17 parts of chloride; evidently its water did not
then contain a contaminant high in chloride content. The other
exception, well 6/10-1E4, is 340 ft deep and has yielded very in-
ferior water similar to the type from well 2H1 ; however, the depth
of perforations in its casing is unknown and it may never have
tapped water of good quality.

Because the underlying water is of excellent quality it was
thought that the depreciation might have been caused by highly
concentrated waters percolating from overlying surficial deposits.
Accordingly, test holes 6/10-1E5 and 2J5, respectively 12.0 and
17.0 £t deep, were bored by the Geological Survey in 1944. These
two holes produced water with 27 and 105 ppm of chloride, also
105 and 275 parts of hardness, respectively. Because the wells
were drilled and sampled when the water table was near its
high level for the year, the shallow water tapped prohably had
been derived from local rainfall and had not been concentrated
appreciably by evaporation from the capillary fringe. Its rela-
tively good quality precludes that surficial water as .an adequate
cause of the depreciation.

Available data do not afford a fully adequate explanation for
the known depreciation of 1940-43 and for the much greater
presumptive depreciation of 1904-40. Three incomplete and hypo-
thetical explanations are offered tentatively, as follows:
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1. The added salines have been dissolved from within the strati-
graphic range and within the area occupied by the inferior
waters; that is, the salines (but not the waters they have pro-
duced) are native to the stratigraphic range and area. This
would constitute a process which might be termed autocontamina-
tion, for which no substantiating evidence has been recognized
and of which the necessary magnitude is difficult to accept.

2. The added salines have been supplied by waters drawn from
beyond the area but within an extension of the stratigraphic
range. However, no native water with a content of sulfate and
calcium at all sufficient for the known depreciation ras been dis-
criminated north of the inferred fault trap which passes roughly
through the quarter corner between secs. 4 and 9 (p'. 11, p. 98),
about a mile south of the depreciated area; also, for waters in
the stratigraphic range and area of depreciation, the static level
has declined somewhat since 1904, but from 1930 at least through
1943 has not declined appreciably below that of outlying areas,
as would be expected with continuing in-movement of a com-
petent calcium sulfate water.

3. The added salines have been derived from the ditch of the
Delhi Drainage District, which trends southward across the east-
ern part of the area of depreciated waters, along Paularino Street.
In the depreciated area, this ditch flows over earthy sand and
gravel which is known locally to extend as much as 30 ft below
land surface. Its floor is 1 or 2 ft below the ordinary high stage
of the water table, but is a few feet above the ordinary low stage;
under this condition, influent seepage from the ditck can pass to
the water table during a large part of the year. Also, the ditch is
known at times to have carried sodium sulfate water containing
about 3,900 ppm of dissolved solids (19383, California Dept. of
Public Works, Div. Water Resources Bull, 40-A, p. 116), but
is not known to have carried calcium sulfate water or calcium
sodium sulfate water as concentrated as that of well 6/10-2H1.
If the known sodium-sulfate water of this ditch is the contami-
nant, that water is greatly hardened by exchange of bases as it
percolates downward.

This third tentative explanation requires the ccntaminating
saline to have percolated westward at least a mile from the ditch.
It also requires the surficial water of relatively good quality
(p. 163) to “float” above the contaminated water (ore of the two
test wells by which the surficial water was sampled in 1944,
6/10-1E5, is only 360 ft west of the ditch). It is not at all un-
likely that the surficial water of good quality so overlies the
depreciated water.
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Demonstration of the cause of water-quality depreciation in
this inland area on the Newport Mesa has been considerad beyond
the scope of the cooperative investigation reported in this paper.
Regarding the possibility of contamination from the ditch of the
Delhi Drainage District, the actual conditions probably could be
demonstrated conclusively by a modest program maintained for
at least one year and involving: (1) test wells arranged in
several profiles normal to the ditch, and bored in groups of
various depths to a maximum of a few tens of feet below the
water table; (2) analyses of water samples from these test wells
and periodically from the shallower wells; (8) periodic analyses
of the ditch water; and (4) periodic measurement of water levels
in the test wells and in the ditch, to establish the changes in
hydraulic gradient. As for the more remote possibilit;” of auto-
contamination within the stratigraphic range of the depreciated
waters, a program of demonstration would be more involved and
in its first steps would include tests of available wells as much
as 250 ft deep by analysis of samples taken successively during
pumping, to obtain data such as those shown on figure 16, and
by probes of the changes in water quality within tle casings
under both pumping and nonpumping conditions, sucl as those
graphed on figure 15. Further investigation then could 1= planned
according to results of these tests.

Under these conditions, the waters of depreciated and wvery
inferior quality that now exist in parts of secs. 1, 2, and 3, T. 6
S.,, R. 10 W., to depths roughly not greater than 25C ft below
land surface, obviously are potential contaminants of the under-
lying waters of good quality by way of any wells improperly
constructed or cased. Quite possibly the depreciation will become
more widely dispersed, to an extent unpredictable. Accordingly,
the measures of control already suggested for the Huntington
Beach Mesa would be applicable. (See p. 154.) In particular, in
the construction of each new well it would be most advisable
to sample and analyze the fluid contained in each water-bearing
zone as it is reached by the drill, even though the zone is thin or
not highly permeable; to avoid gravel-pack constructior from top
to bottom; and when the deepest zone of depreciated water has
been fully penetrated, thoroughly to cement or mud-in an un-
perforated casing at that depth before drilling deeper.

In the southeastern area of the two on the inland part of the
Newport Mesa (blocks 5 and 6, Irvine tract) four deep wells have
yielded or now yield water whose chloride content seems abnor-
mally large. At least two wells of the four tap the principal
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water-bearing zone of the mesa (Poland and others). Analysis
1-6G1 (table 80) is taken as typical of the sodium bicarbonate
water presumed to be native; chloride content is 23 ppm, hard-
ness 33 parts, and total solids 422 parts. The four wells which
have yielded water of seemingly abnormal character are I-6H1,
—6D1, —6E1, and 6M1; table 20 summarizes pertinent data from
all available sources and table 21 gives selected analytical data
. for the abnormal waters.

TABLE 20.—Wells yielding water of depreciated (?) quality in blocks 5 and 6
of the Irvine Tract, on the mortheast part of the Newpcrt Mesa

Parts per million
Well nil Tber D‘if’gj otf) [}gffg?;tggl Date
on plate 2 well (feef
casing (feet) Chloride Dissolved
solids
o 143 567 | 1920.
5H2 oo e il { 110 464 | Tuly 1932.
195 551 | June 1931.
I-6D1. . [ I . 156 | eemee o August 1934
165 1620 | July 1941.
92 365 | June 1931,
76 324 | September 1937.
355415 g; gig ‘ﬁlgu?gg 3.
ay R
e a00 |{ 480-515 |} 120 413 | October 1641,
8 y 3
82 1360 | October 1942.
. 72 323 | August 1944.
I-6M1. ... b L 2 P { 50 316 | 1920.
138 643 | April 1922.

1 Estimated from electrical conductivity.

TABLE 21.—Chemical character of presumed native water from well I-6G1
and certain depreciated (?) waters from well I-6E1

[Quantities in equivalents per million]

Constitnents

Mag- Bicar-
Calcium Sodium Sulfate | Chloride
(Co) | DeSum | “Nay | BEate. | “soa | (O

Presumed native water: 0.25 0.41 7.13 6.68 0.46 0.65
Depreclated waters (In order of de-
creasing chloride content):
October 16, 1941 _____ ... ... 05 16 6.92 3.61 .15 3.37
August 15, 1930.... - J8 08 6.98 3.74 66 2.84
June 16, 1931 . oeeeeaeao 28 .39 6.03 3.90 06 2.74
July 31,1942 _______. ——— 20 .08 6.22 3.60 50 2.38
September 4, 1937 ... ._._._ 25 08 5.52 3.76 00 211
August 14,1944 ... __.__ .05 25 6.30 3.40 17 2.03

1 Includes equivalent of potassium (K).
2 Includes equivalent of carbonate (COs).
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Obviously, the utility of the abnormal or depreciated (?) waters
has not been impaired greatly. Lacking data on pumping tests
such as those graphed on figure 22, it is not known whether the
abnormally large content of chloride exists in the prin~ipal water-
bearing zones tapped or has entered the wells from some other
source; and whether the chloride content has tended to decrease
since the early twenties, as is implied by the data of table 20.
1t is altogether likely that the water-bearing zones are not, as
of 1945, appreciably contaminated. Further, it is not known
whether the abnormal content of chloride is derived from ocean
water, from a connate brine locally native in the Pliocene and
Miocene rocks that underlie the water-bearing Pleistocene de-
posits, from the Delhi drainage ditch, or from some other source.

So far as is known to the writers, there is no reason to believe
that the main water-bearing zone in this part of the Newport
Mesa is threatened with intense contamination by high-chloride-
content waters in the immediate future. However, owing to the
abnormal chloride content in the waters from the four wells here
treated it would be prudent for water users of the area to obtain
chemical analyses periodically and, at the first indication of sub-
stantial further depreciation in water quality, to test their wells
as necessary in order to devise adequate measures for control.

DEPRECIATION OF WATER QUALITY IN LOS ANGELES COUNTY
CONTAMINATED WATERS IN DOMINGUEZ GAY
SUMMARY OF GROUND-WATER OCCURRENCE

As explained elsewhere (Poland, Piper, and others), the Long
Beach-Santa Ana area contains two regional arteries, which
natively conveyed fresh ground water from inland forebay areas,
across the coastal plain and the barrier features of the Newport-
Inglewood structural zone, to the coast. The westerly of these
two arteries, the Gaspur water-bearing zone of Los Angeles
County, passes beneath the floor of the Dominguez Gap. There,
its waters (as well as certain other waters) currently (1945) are
contaminated by salines more extensively and more intensively
than in any other part of the area treated in this report. Details
of this most critical situation are given later. The are~ concerned
is the tongue of the Downey Plain which is bordered on the east
by the Signal Hill uplift and the Long Beach Plain, and on the
west by the Dominguez Hill and the Torrance Plain, and which
reaches from Victoria Street (projected) southward nearly 8
miles, to the coast. (See pl. 17.)

Within the Dominguez Gap, alluvial deposits of Recent age
reach from land surface to depths ranging between 110 and 150
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ft. There, as in the Santa Ana Gap of Orange County, these de-
posits include: an upper division which consists of silt, “clay”
(see below), and fine sand, which is from 50 to 80 ft thick, and
which contains a body of unconfined water natively cf inferior
quality (p. —) ; and a lower division which is composec of gravel
and sand spanning nearly the full width of the gap, whose thick-
ness ranges from 40 to 70 ft, and in which water is confined.
This lower division constitutes the ground-water artsry previ-
ously cited: the Gaspur water-bearing zone, which is the upper
of two highly permeable zones that occur beneath the Dominguez
Gap. The Gaspur zone is only imperfectly confined and, at least
locally, probably there is some interchange of water between it
and the overlying unconfined body. Thus, although the logs of
most wells that tap the Gaspur zone report “clay’” beds of various
thicknesses in the overlying upper division of the Recent deposits,
more detailed geologic evidence indicates that this material is
largely flood-plain silt, which doubtless is somewhat permeable
in part. These nominal confining beds presumably are least
effective within approximately 2 miles of the coast, where their
aggregate thickness is the least and where the proportion of sand
in the deposits above the Gaspur zone is the greatest.

Under essentially natural conditions in 1903-4, the pressure
level of the confined water in the Gaspur zone coincided very
closely to the water table of the overlying unconfined body, ranged
from 8 to 5 ft below land surface throughout the gap, and in
the central reach of the gap was from 10 to 15 ft above sea level.
Nowhere was it above the land surface. Under these conditions,
the Gaspur zone at times may have discharged some water by
leakage upward, but could not produce flowing wells. Owing to
former heavy withdrawals locally and to continuing withdrawals
inland, within the gap the pressure level of the Gaspur zone has
been drawn down about 15 ft at Carson Street and asbout 12 ft
at Willow Street, where now it is at sea level. South of Willow
Street it was generally a few feet below sea level through the
late twenties and early thirties, but since then has been about at
sea level. Available information suggests that the vater table
of the unconfined body declined almost concurrently with and in
the same amount as the pressure level of the Gaspur zone; in
1942, the pressure level and the water table coincided north of
Spring Street, but farther south the water table was from 1 to 3
ft the higher. In other words, there must be appreciable hy-
draulic continuity between the unconfined water bocdy and the
confined body of the Gaspur zone, through a large part of the



CONTAMINATION OF NATIVE FRESH WATER 169

Dominguez Gap. Thus, because its water is under the lower head,
the Gaspur zone can and doubtless does receive water by percola-
tion from the overlying unconfined water body in the area south
of Spring Street, that is, in roughly the southern half of the gap.
Also, because the overlying water body has become grossly con-
taminated (as will be described), its density has be=n substan-
tially increased and so, even in the area north of Syring Street
where the water levels for the two water bodies are essentially
the same, the Gaspur zone can receive water by downward per-
colation from the unconfined body, owing to this ver;r difference
in density.

The Gaspur water-bearing zone is enclosed on both sides and
beneath by deposits of Pleistocene age, at most places by the
unnamed upper Pleistocene deposits but locally by the San Pedro
formation. At a few places, these Pleistocene deposits in contact
with the Gaspur zone contain lenses of gravel or coarse sand,
but ordinarily they are composed of silt, clay, and fne sand of
low average permeability. Beneath the Gaspur zone they are
from 175 to 550 ft thick but along either flank of that zone, where
they have not been thinned by erosion, they are from 150 to 200 ft
thicker.

Beneath these fine-textured deposits is the Silverado water-
bearing zone of the San Pedro formation, which is the deeper of
the two highly permeable zones beneath the Dominguez Gap, and
which long has sustained very heavy withdrawals frora numerous
public-supply and industrial wells. This water-bearing zone is
a body of rather uniform gravel and coarse sand that ranges in
thickness from 500 ft at well 4/13-23G2 (city of Long Beach,
Silverado well 1) to as little as 180 ft between Anaheim Street
and the coast (Poland, Piper, and others). Westward it extends
for many miles beyond the shallower Gaspur zone but to the east,
at least south of Willow Street, its reach is about the same as that
of the Gaspur zone. The water of the Silverado zone is confined
effectively by the overlying Pleistocene deposits of low permea-
bility, and under native conditions was under sufficient head to
sustain flowing wells at the inland and coastal ends of the Domin-
guez Gap, if not throughout the gap. However, its head has been
drawn down progressively by the continuing heavy withdrawals,
and currently (1945) is several tens of feet below sea level within
a large part of the gap. Where the draw-down has besn greatest,
in the general vicinity of the intersection between Alameda and
Carson Streets, in 1930 the nonpumping level of the water in
the Silverado zone was from 30 to 35 ft below that of the Gaspur
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zone, in 1940 was from 40 to 45 ft below, and in 1944 was about
55 ft below.

In other words, there the pressure level of the water in the
Silverado zone has receded in 14 yr from 30 to 55 f* below the
pressure level of the water in the Gaspur zone. From 10 to 15 ft
of this recession took place from 1940 to 1944, owing to a greatly
accelerated withdrawal of water for purposes related to the war.
Thus, under native conditions the Silverado zone would have dis-
charged water upward if at all, but under the artificial condition
of greatly and progressively depleted head the potential vertical
movement of water now is reversed, or downward into the Sil-
verado. As will be shown this condition poses an ever more seri-
ous threat that the productive Silverado water-bearing zone will
become contaminated from above, through wells that are not
tightly cased.

In turn, the Silverado water-bearing zone is under'ain within
the Dominguez Gap by (1) impermeable beds, chiefly silt and
clay, which form the topmost part of the upper division of the
Pico formation of Pliocene age and which range in thickness from
200 to 650 ft, and (2) by the remaining or lower part of the
upper division of the Pico formation which includes several
layers of medium- to coarse-grained sand of fair permeability.
These permeable beds contain essentially fresh water not now
tapped by wells. The deepest of them occurs from 1,600 to 2,700
ft below land surface here. '

Of the deposits which contain the several water-be~ring zones
just described, all except those of Recent age are folded gently
in the Wilmington anticline near the coast and are flexed rather
sharply and probably are faulted in the Newport-Inglewood struc-
tural zone whose axis trends northwest across the Dominguez
Gap near Del Amo Street. At the eastern flank of the gap, and
probably beneath the gap, numerous planes of shearing in the
fault zone have been tightly cemented by deposition of calcium
carbonate and other substances. It is inferred from hydrologic
evidence that the fault zone very greatly impedes movement of
water in the Silverado and other water-bearing zones that under-
lie the deposits of Recent age. However, no such barrier exists
in the upper of the two principal water-bearing zones in the
Dominguez Gap, that is, in the Gaspur zone which constitutes
the lower division of the Recent deposits.

GENERAL CHARACTER OF THE NATIVE GROUND WATERS

The data of Mendenhall in 1904 (pl. 2), together with analytical
data on samples from numerous wells since 1923 (table 80), in-
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dicate that the native or uncontaminated ground waters of the
Dominguez Gap and vicinity ranged somewhat widely in chem-
ical character. Except possibly for a mile or less fror the coast,
waters of excellent quality were characteristic throughout the
two principal water-bearing zones, the Gaspur and the deeper Sil-
verado., Waters of excellent chemical quality also occurred locally
but not generally in the upper Pleistocene deposits slong either
flank of the gap, and beneath the Gaspur zone within tl'< gap. But
waters of inferior chemical quality occurred at and below the
water table in the upper division of the Recent deposits through-
out the gap, and at various places and depths in the upper Pleisto-
cene deposits to the east and to the west.

Of the waters of excellent quality, those in nearly the full reach
of the Gaspur water-bearing zone were of the calcium bicarbonate
type and ranged from 350 to 600 ppm of all dissolved solids, from
25 to 60 (or possibly somewhat more) parts of chloride, and from
190 to 275 parts of hardness. In general, each of these quantities
increased southward, or toward the coast. In table 30 typical
analyses are those from wells 3/13-36D1, 4/13-2P4, and 4/13-
15A3 (analysis of 1931). Analysis 4/13-35M3 of 1923 possibly
is typical for the reach within a mile or so of the coast; this anal-
ysis is of a sodium bicarbonate water with 318 ppm cf all solids,
40 parts of chloride, and 113 parts of hardness. (S<e also pp.
26-28.)

In contrast to the native waters of the Gaspur zone, those of
the Silverado water-bearing zone are characteristically of the
sodium bicarbonate type. Dissolved solids ordinarily range from
200 to 325 ppm and chloride ranges from 20 to 30 parts. Hard-
ness is from 120 to 80 ppm in waters from the upper part of the
zone, but about 80 to 35 parts in waters from the central and
lower parts of the zone. In table 30, typical analyser are 4/13-
1F1, —15A2 (in 1931), and -22E1. Southwestward beyond the
Dominguez Gap and toward the Palos Verdes Hills, in the waters
native to the Silverado zone, the dissolved-solids content increases
to 400 ppm and the chloride content increases to gt least 100
parts; analyses for well 4/13-33E2 are typical. (Also, see pp.
35, 57.)

Along either flank of the Dominguez Gap, in minor water-
bearing zones that exist in the Pleistocene deposits and that are
more than 300 ft beneath land-surface, all known native waters
contain between 225 and 375 ppm of dissolved solids end presum-
ably range from calcium bicarbonate to sodium bic~rbonate in
type. To the east, these waters of good quality have been tapped
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by wells on the Los Cerritos segment of the Signal Hill uplift
(Mendenhall, 1905b, pp. 71-73 wells 864, 922, 923, and 924), and
along the south flank of Signal Hill itself (Mendenhall, well 927).
On the other hand, native waters that have been encovntered by
wells less than 200 ft deep in the outlying Pleistocene deposits
commonly contain 350 or more ppm of dissolved solids and, as will
be described, are of decidedly inferior quality in cer*ain parts
of the area.

In the waters of inferior quality native in the upper division of
the Recent deposits, the dissolved-solids content was as little as
600 ppm at the inland end of the gap between Dominguez Hill
and Los Cerritos, but midway toward the coast was commonly
1,000 to 2,000 parts or more. Here the waters presumably were
relatively high in sulfate and chloride content. It is inferred
that near the coast and within the reach of tide channels the
native ground water at shallow depth commonly was similar
to ocean water in its chemical composition, and locally was even
more concentrated than ocean water.

In the upper Pleistocene deposits, waters of inferior quality are
inferred to be native beneath all the Long Beach Plain to the
east of the Dominguez Gap. There, in 1904, nine wells from 15 to
120 ft deep yielded water containing from 800 to more than 2,000
ppm of dissolved solids (nos. 913, 925, 926, and 996-1000, in-
clusive, Mendenhall, 1905b, pp. 73, 76). Subsequent analytical
data now available suggest that these are essentially sodium
chloride waters. In the same area and also in 1904, the water
from one additional well (Mendenhall no. 1001) contained 2,000
ppbm of dissolved solids; this well is reported to have been 920 ft
deep, but the depth of its aquifer or aquifers is not known. To the
west of the gap, inferior waters are native in the upper part of
the Pleistocene deposits rather extensively south and west of
the Dominguez Hill and north and east of the Palos Verdes Hilis.
(See pl. 17.) In those two areas, wells less than 109 ft deep
commonly yield water whose dissolved-solids content ranges
from 405 to at least 1,060 ppm, and whose chloride content is
from 85 to at least 410 ppm. In the northern area of the two,
certain wells between 100 and 275 ft deep yield inferior waters
whose dissolved solids reach 900 parts, and whose chloride reaches
at least to 205 parts.

So far as is known, none of these inferior waters loczlly native
in the upper part of the outlying Pleistocene deposits is in hy-
draulic continuity with the Gaspur water-bearing zone or with
the Silverado water-bearing zone. But the natively inferior (and



CONTAMINATION OF NATIVE FRESH WATER 173

currently depreciated) waters in the upper division of the Recent
deposits are in hydraulic continuity with the Gaspur zone at least
locally and, as will be shown, have contaminated that underlying
zone,

CONTAMINATION OF THE UNCONFINED, SEMIPERCHED BODY

Although of inferior chemical quality natively, the unconfined
water body in the upper division of the Recent deposits long has
been contaminated within the greater part of the Dominguez
Gap, presumably by industrial and oil-field waste fluids discharged
overland, discharged into the Los Angeles River, or discharged
into the Dominguez Channel. (See pp. 80-84.) In table 30,
typical analyses of the unconfined water are those of samples
taken just below the water table from wells 4/13-8L1 and —-10F1,
sodium sulphate waters; also from well 4/13-14F1, a calcium
chloride sulphate water. Among the four analyses from these
three wells the total dissolved solids range from 3,454 to 12,900
ppm, chloride ranges from 870 to 2,231 parts, and sulfate ranges
from 1,130 to 6,910 parts. These concentrations of dissolved con-
stituents probably are several times greater than thcse of native
unconfined waters at the several places. The conditions repre-
sented are those of 1932 (analysis 8L1) and 1942 (analyses 10F1
and 14P1). Plate 16 shows the chemical character of contaminated
waters from these three wells and of native waters from the
unconfined, semiperched body at well 3/12-30C1 in the alluvial
deposits of Recent age, about 114 miles inland from the head of
the Dominguez Gap, and at well 4/183-6J1 in the unramed upper
Pleistocene deposits, at the margin of the Torrance Plain south-
west of the Dominguez Hill.

Figure 25 summarizes the data on chloride content of the un-
confined waters as explored by 38 shallow test wells constructed
by the city of Long Branch (Brown, 1935, p. 175), in late 1931
and in 1932, and sampled periodically by that agency until as
late as March 1935; also by 18 additional test wells constructed
and sampled by the Geological Survey in 1941-42. Among the
56 test wells, those bored in or near the channel of the Los
Angeles River produced water with chloride content between 50
and 312 ppm upstream from the outfall at the brine sumps of
0Oil Operators, Inc., near 223d Street (see fig. 7), but wells
farther downstream produced water with chloride content rang-
ing between 950 and 11,985 ppm. In each of the reaches, the
greatest chloride content of unconfined ground water was roughly
equal to the chloride content of river water during periods
of low flow (pp. 81-82). The ground waters were somewhat
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contaminated in the upstream reach, but were grossl contami-
nated only in the downstream reach. Gross contamination in the
unconfined waters also was disclosed, as of 1941-42, west of
the Los Angeles River and adjacent to the flank of Dominguez
Hill in secs. 10 and 11, T. 4 S., R. 13 W. (projected), and as of
1932-33, east of the river in sec. 24. The latter area is reported
(Brown, 1935) to have been traversed by ditches carrying oil-
field brine; the analyses by the city of Long Beach show that
the chloride content of the brines in certain of those ditches ranged
from 9,200 to 14,800 ppm in 1932-33.

Only general conclusions about the source or sourcas of con-
tamination are warranted by the data now (1945) available.
Thus, certain samples of high-chloride-content water from the
test wells in sec. 24 are reported to have contained iodide in
appreciable quantity. Presumably, therefore, the ecntaminant
of those wells has not been ocean water but might have been
oil-field brine. (See p. 91.) However, it is significant that in
the three contaminated waters graphed on pl. 16: (1) the pre-
sumed gains in calcium, magnesium, bicarbonate, and sulfate
all are greater than can be ascribed wholly to an influx of either
ocean water or oil-field brine such as that discharged in 1941
from the sumps of Oil Operators, Inc.,, for which an analysis
is given in table 29; (2) in the contaminated water of well 4/13-
14P1, the calcium gain is roughly twice the calcium content of
ocean water or of the brine; (8) in the contaminated waters of
14P1 and 10F1, the bicarbonate gain is many times the bicarbon-
ate content of ocean water; and (4) in all three cortaminated
waters the sulfate gain is many times greater than the sulfate
content of the oil-field brine, and in well 10F1 is nearly three
times the sulfate content of ocean water.

In this connection, it will be recalled (p. 72) that Oil Opera-
tors, Inc., formerly acidulated their brines with sulfuric acid for
the extraction of iodine and discharged the acidulated effluent into
the channel of the Los Angeles River. If it infiltrated below the
bed of the channel, any such acidulated waste would dissolve
carbonates of calcium and magnesium rather freely from the
alluvial deposits and probably would not precipitate any large
proportion of its sulfate. In other words, the end product of
chemical reaction between the acidulated brine and the alluvial
deposits would be similar in constitution to these high-calcium
contaminated waters, It will be recalled further that brines from
the Dominguez oil field also have been treated with sulfuric
acid for extraction of iodine, but that the waste fluid reportedly
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has been discharged into the Dominguez Channel (p. 70). Sodium
sulfate waste fluids have been discharged into the channel of
the Los Angeles River, upstream from the area here considered,
although those for which analyses are available to the writers
(table 29) have been much more dilute than the contaminated
water of well 10F1. For that particular water, no specific source
of a competent contaminant is known.

Waste fluids from industrial plants of the area are diverse
in chemical character and currently (1945) are disposed of chiefly
into a regional industrial-sewer system; the writers do not know
of promiscuous disposal onto the land surface but it once may
have been practiced. Reportedly, some oil-field and refinery wastes
formerly were discharged onto the poorly drained area at the
southwest flank of Dominguez Hill during periods of storm run-
off ; even though those high-chloride-content wastes were diluted
by surface water at the time, all did not drain into the Domin-
guez Channel and evaporation probably has led to accumulation
of residual salines in substantial amount. Use of the natural and
artificial channels of the area to convey concentrated industrial
wastes is treated on page 80.

It seems obvious that the saline wastes discharged onto the
land surface or into the channels of the Dominguez Gap can
percolate and have percolated to the unconfined water body rather
extensively. Because the surficial materials beneath the land
surface and stream channels range from the moderately permeable
to the nearly impermeable, 'and because the knowr points of
waste disposal are widely scattered, the resulting cortamination
of the unconfined water body has not been of uniform intensity
over the area. The known wide diversity in chemical character
of the contaminated waters indicates equal diversity in the sources
of the contaminants., However, the focal point of intense con-
tamination in secs. 13 and 14 (see fig. 25), adjacent to the outfall
from the sumps of Oil Operators, Inc., also the general area of
intensive contamination in sec. 24, both are caused presumptively
by overland discharge of waste fluids from the oil op~rations on
the Signal Hill uplift. Although not shown specifically by ana-
lytical data, contamination is believed to be rather extensive in
the unconfined water body at the southwest flank of Dominguez
Hill, and there likewise to have been caused largely by oil-field
waste fluids.

Regarding movement of the contaminated unconfined waters,
as of 194445 the water table of the unconfined body within the
Dominguez Gap slopes somewhat sharply downward east and
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west for a few hundred feet from the channel of the Los Angeles
River. Also, it declines gently southward, or toward the coast.
These features of water-table form probably are essentially native,
although in some respects doubtless they have been accentuated
by draw-down during the development of the area. Accordingly, it
is concluded that: A contaminant infiltrating from any particular
point along the Los Angeles River would diverge somewhat down-
stream; such movement would explain the high chloride content
of the water from shallow well 4/13-14P1 in 1942, because that
well is southwest from the outfall from the sumps of Oil Opera-
tors, Inc. Contaminants infiltrating from the land surface on
the east side of the river or derived from shallow depth in Pleisto-
cene deposits along the west flank of the Signal Hill uplift would
disperse toward the coast but would be restrained from per-
colating quite to or across the channel of the Los Angeles River.
Likewise, contaminants originating from Dominguez Fill or else-
where to the west would be restrained from percotating to or
across the river.

CONTAMINATION OF THE GASPUR WATER-BEARING ZONE
GENERAL FEATURES

In the Gaspur water-bearing zone of the Dominguez Gap, saline
contamination may have begun as early as 1913 when well 5/13—
3K1, 0.15 mile from the coast, was drilled to a depth of 1,200
ft and its casing was perforated 137-155 and 189-275 ft below
land surface, presumably in deposits of Pleistocene age. By
report, it was never used because its water was salty. Because
under native conditions the Gaspur zone probably conveyed fresh
water to offshore submarine springs (Poland and others), the
salty water of well 83K1 as of 1913 presumably had resulted from
contamination. By the middle twenties, water of cepreciated
quality had been drawn from numerous wells tapping the Gaspur
zone near the coast. By 1929, the year of the earliest analytical
data available to the writers, substantially depreciated waters
existed nearly half a mile inland. In that year wells 4/13-35Q4
and 5/13-3D1, respectively about 300 and 2,000 ft from the coast,
yielded water containing 4,924 and 1,250 ppm of chloride, After
1929, and especially after 1931, progressive depreciation of water
quality in the Gaspur zone alarmed those agencies and individuals
concerned with the integrity of water supplies (Brown, 1938,
p.- 173), and led to programs of sampling and chemic~1 analysis
by the city of Long Beach, the Los Angeles County I'lood Con-
trol District, the California Division of Water Resources, and the
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Los Angeles Department of Water and Power (see pp. 6-9).
In particular, the comprehensive and continuing progrem by the
city of Long Beach (which has involved determination of chloride
roughly at monthly intervals for 75 wells beginning as early as
1932) has yielded data invaluable for the purposes of this treat-
ment. In fact, without those particular data it would be im-
possible here to trace the progress of water-quality depreciation
in the Gaspur zone. .

Plate 17 shows the extent of areas in and near the I minguez
Gap in which confined water containing more than 100 ppm of
chloride existed as of 1931-32 and as of 1943-44 in the Gaspur
water-bearing zone and in Pleistocene deposits not more than
about 200 ft below the land surface. Within the Gaspur zone,
all such waters definitely were contaminated. However, in the
outlying areas to the west and to the east, waters of inferior
quality were and are native in the uppermost Pleistocene; except
in a few areas of small extent and immediately adjacent to the
Gaspur zone, they are not known to have depreciated in quality.

As plate 17 shows, both as of 1931-32 and as of 194f-44 there
were two principal foci of saline contamination in tke Gaspur
water-bearing zone, namely, from the coast inland about a mile,
or roughly to Anaheim Street; and along the eastern margin of
the zone nearly 4 miles inland, between 223d Street and Ward-
low Road, in and near the SE14 sec. 14. At the coast. the area
of strongly contaminated waters in the Gaspur zone—those con-
taining 500 or more ppm of chloride—was about 1,900 acres in
1931-32 and 2,200 acres in 1943—44. In the 12-year interim that
area had encroached on 300 acres, largely west of Santa Fe
Avenue and north of Anaheim Street. The inland area of equally
depreciated waters in 1931-32 covered only about 300 acres; at
that time, several wells in sec. 14 produced water containing
more than 1,000 ppm of chloride and one well, 14Q2, produced
water of 3,639 parts. Within the ensuing 12 yr (by 1943-44)
this inland area had increased to 1,400 acres, by slight encroach-
ment northward but very largely by extension for somevrhat more
than half a mile to the west and for nearly a mile and a half
to the south.

As of 1931-32, a third but small area of strongly contaminated
water existed along the west margin of the Gaspur zone near
the intersection of Alameda and Dominguez Streets. There, well
4/13-10J1 produced water with 731 ppm of chloride and two
adjacent wells produced water with more than 100 parts. As of
1943-44, that small area persisted and had become somewhat
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more extensive. Certain evidence suggests that the fo~us of con-
tamination may lie to the west in upper Pleistocene deposits that
probably are in local hydraulic continuity with the Gaspur zone.

Still farther inland, all the waters of the Gaspur zone seem-
ingly were of undepreciated quality in 1931-32; however, as of
1943-44, slight depreciation was developing along the Jower reach
of Compton Creek, beginning at least a mile north of Del Amo
Street and diverging downstream.

Perhaps the most significant feature of contamination in the
Gaspur water-bearing zone shown on plate 17 involves a part
of the area from Sepulveda Boulevard and Willow Street on the
north to Anaheim Street on the south. There, in a transverse
belt perhaps half a mile wide at the west margin of the Gaspur
zone and fully a mile and a half wide at the east margin, water
of substantially native quality (chloride content from 55 to 70
ppm) existed in 1932-33. By 1943-44, the belt had been closed
on the west by encroachment of salines beyond Santa Fe Avenue.
On the east, although the belt had been narrowed fully a third
by substantial encroachment from the north and probably by
slight encroachment from the south, nevertheless water virtually
of native quality persisted locally, as at well 4/13-£2P4. (See
fig. 28, p. 183.) As here briefly described, this feature is fully
substantiated by determination of chloride by the municipal water
department of Long Beach, in samples taken from 5 to 13 times
yearly at numerous wells beginning in 1932. As will be shown,
contamination in the areas to the south and to the ncrth of this
transverse belt has originated from two distinet sources.

CONTAMINATION AT THE COAST

Figure 26 shows the progressive increase in intensity of con-
tamination from 1929 to 1941 in two wells, 4/13-34K1 and
-35M3, about a mile from the coast and 200 yards south of
Anaheim Street; as of 1941, the chloride content of their waters
was about 2,500 and 4,000 ppm respectively. At both wells the
chloride content of the water had increased almost uniformly
throughout the preceding 10 yr, even though withdrawals from
the Gaspur zone had become very small in the vicinity because
the water was usable only for cooling and for a few other in-
dustrial purposes. However, even greater depreciation of water
quality occurred in other wells; the known extreme is well 4/13-
35Q4, at which from 1929 to 1933 the chloride content of the
water increased about from 4,900 to 11,600 ppm, and the total-
solids content from 8,960 to 20,500 parts, (See analysis of 1933
in table 30.)
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FIGURE 26.—Chloride content of waters from selected wells tapping the Gasvwur water-
bearing zone near the coast, 1929-42. (Analyses from California Division of Water
Resources, Long Beach Water Department, and Los Angeles County Flood Control
District.)

There seem to be two sources of brine competent to have
caused the known depreciation in water quality: ocean water,
which presumably is in hydraulic continuity with the vater body
of the Gaspur zone at an offshore outcrop, and which occupies
dredged channels of the Long Beach Harbor within 125 yd of
well 85Q4 and 300 yd of well 35M3; and oil-field brine, which
long has been and currently (1945) is discharged into the channel
of the Los Angeles River from the sumps of Qil Operetors, Inc.,
which in dry seasons has supplied nearly all the surumer flow
in the lower reach of that channel, and which has passed about
250 yd to the east of well 35Q4. Analyses of ocean water and of
the brine discharged by Oil Operators, Inc., (analysis 4/13-14R),
are given in table 29. Conceivably, either of these competent
potential contaminants could have been drawn into the Gaspur
zone from above as the fresh-water head on that zone was de-
pleted by former heavy withdrawals. Percolation from the river
or from the channels of the harbor probably would not have
been restrained completely by the deposits overlying t~e Gaspur
zone, which here are sensibly permeable (p. 168) and into which
the harbor channels have been dredged some two-thirds of the
depth to the Gaspur zone.

In addition to these two competent sources, high-chloride-con-
tent waters locally are native in deposits of Pleistocene age (p.
59) and probably have some hydraulic continuity with the
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Gaspur water-bearing zone from either side, but not from be-
neath. However, even the most concentrated of the known native
waters of the Pleistocene contains far too little dissolved material
to have depreciated the water of the Gaspur zone as severely as
here described.

Plate 18 affords a graphic comparison between a group of
analyses selected to span the known range of contamination in
the area at the coast, and corresponding hypothetical mixtures
of ocean water with the native water of the Gaspur zone, which
is presumed to be represented approximately by the analysis
of January 1923 from well 4/13-35M3. (See table 30.) The
following tables 22 and 23 compare a moderately depreciated
water from well 4/13-34K1 and the most severely depreciated
water from well 4/13-35Q4, respectively, with hypothetical mix-
tures of the presumed native water of the Gaspur zone with two
potential contaminants, ocean water and oil-field brine as repre-
sented by the discharge from the sumps of Qil Operators, Inc.
In form, this plate and the two tables are analogovs to others
introduced in the description of water-quality depreciation in
the Santa Ana Gap.

TABLE 22.—Contaminated water from well 4/13~-84K1 in comparison with
hypothetical mixtures of the presumed native water and two potential
contaminants

Coustituents

: Mag- Bicar-
Calcium Sodium Slfate | Chloride
©a)t | SRR T(Ney | bprale | Nso) | (oD

Parts per million:
Presumed native water of
Gaspur zone._______._.___.____.__ 27 11 82 235 40 40
Well 4/13-34K1, contaminated
water of January 4, 1933 (table

29, adjusted)..—.____._______ 136 158 329 215 0 1,085
Native water mixed with ocean
R 227 48 81 673 234 184 1,086
Natlve water mixed with brine
4/13-14R .. 64 30 701 285 39 1,085
Equivalents per miilion:
4/13-34K1, January 4, 1833._____ 6.80 13.01 14.32 3.53 0 30.60
Mixture with ocean water___.___ 2.38 6.63 29.26 3.84 3.83 30.60
Mixture with brine 14R.________. 3.18 2.44 30.47 4.67 .82 30.60
Excess (4) or deficiency (—) of
the contaminated water with
respect to:
Mixture with ocean water.. +4.42 +6.38 —14,94 ~.31 —3.83 |
Mixture with brine 14R__._ +3.62 -+10.57 ~16.15 —1.14 —82 | ...

1 Includes equivalents of barium (Ba) and strontium (Sr) if any.
2 Includes equivalent of potassium (K).
8 Includes equivalent of carbonate (COs).
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TABLE 23.—Contaminated water from well 4/18-35Q4 in comparison with
hypothetical mixtures of the presumed native water and two potential
contaminants

Constituents

Caleium | Mag& | gogium | [Bleat- Sulfcte | Chloride

(Cay | BeSm | Ny | bomate | “so )

Parts per million:
Presumed native water of
Gaspur water-bearing zone.._ 27 11 82 235 40 40
Well 4/13-35Q4, contaminated . .
water of January 4, 1933 (table

29, adjusted) ... ... __ 492 823 6,107 476 1,263 11,477
Native water mixed with ocean
water .o oo 253 73| . 6,549 225 1,616 11,477
Native water mixed with brine
4/13-14R .. 429 216 6,853 782 31 11,477
Equivalents per million: A
4/13-35Q4, January 4, 1933 24.55 67.69 265.54 7.81 26.29 323.68
Mixture with ocean water. 12.60 63.61 284.79 3.68 33.64 323.68
Mixture with brine 14R___. 21.41 17.73 298.01 12.82 .65 323.68
Excess (+) or deficiency (—) of
the contaminated water with
respect to:
Mixture with ocean water..| -+11.95 -+4.08 —19.25 +4.13 785 aeemenanon
Mixture with brine 14R____ +3.14 -+-49.96 —32.47 -5.01 +2864 | _o__

1 Includes equivalents of barium (Ba) and strontium (Sr) if any.
2 Includes equivalent of potassium (K).
3 Includes equivalent of carbonate (COs).

From these data it is concluded, concerning the depreciated
waters in the Gaspur water-bearing zone at the coast, that:

1. The contaminant is ocean water rather than oil-field brine.

2. In a first stage of the depreciation, the mixture of native
water and ocean water is hardened by exchange of sod‘um from
the mixture for calcium (and some magnesium) from the con-
taining deposits. This stage ends when the base-exchang? capacity
of the deposits is exhausted ; locally, this capacity seems to have
been to displace about 22 equivalents (500 ppm) of tre sodium
brought in by the invading sea water. The analysis ¢f August
1939 for well 4/13-84K1 approximately represents the end-prod-
_uct of this stage. Beyond this first stage, depreciation rrogresses
by simple admixture of the contaminating ocean water without
further exchange of bases in appreciable amount. Thus, in the
Gaspur water-bearing zone of the Dominguez Gap, the extent
of hardening by base-exchange is substantially equal to that in
the Talbert water-bearing zone of the Santa Ana Gap (pl. 12
and p. 120) and in the upper water-bearing zone of the Hunting-
ton Beach Mesa (pl. 15).

3. The moderately depreciated waters are deficient in sulfate,
presumably because that constituent has been reduced. Although
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shown only approximately by the available data, the reduction
capacity of the deposits seems to average about 3.5 enuivalents
(175 ppm) of sulfate.

4. From moderately depreciated and severely depreciated
waters alike, a nominal amount of calcium may have been precipi-
tated as the carbonate.

That the contaminant here ig ocean water rather than oil-
field brine is substantiated in a general way by the belt of non-
depreciated waters which in 1931-32 extended across the full
width of the Gaspur zone between Anaheim and Willow Streets,
and which in 1943-44 persisted east of Santa Fe Avenue (pl.
17) ; also by certain data on borate in the contaminated waters
from well 35Q4. Because the nondepreciated belt seemingly was
continuous as of 1931-32, when contamination at well 35Q4 had
progressed nearly to the extreme previously described, it follows
that the contaminant probably had not been transmitted through
the Gaspur zone to the coast from an inland source. Because
nondepreciated waters existed roughly from Santa Fe Avenue
eastward to and beyond the Los Angeles River as late as 1943-
44 (at least), it follows that probably the contaminating fluid was
not derived by percolation from the river channel south of State
(Pacific Coast Highway). The data on borate content of con-
taminated waters from well 35Q4 include ten determinations in
1932 and through March 1933; those determinations ranged be-
tween 7.2 and 11 ppm for waters whose chloride content was
from 7,300 to 11,600 parts. Because the borate content of ocean
water is much less than that of the oil-field brines (25 ppm as
against 169 parts in a sample of brine from the Lo~ Angeles
River in 1932 as reported in table 29), also because the borate
content of the contaminated waters was somewhat less than the
amount hypothetically available in a mixture with ocean water,
it is concluded that no appreciable quantity of oil-well brine could
have reached the depreciated area. Incidentally, the seeming de-
ficiency in borate in the contaminated waters was from 2.3 to
4.7 ppm. That relatively constant deficiency may be fictitious,
because it was computed on an assumed value for borate in the
native fresh water; yet it is possible that borate has been re-
moved from the depreciated waters by reaction with some con-
stituent of the containing deposits.

CONTAMINATION BETWEEN CARSON STREET AND PACIFIC COAST HICHWAY

Concerning the principal inland area of water-quality deprecia-
tion in the Gaspur water-bearing zone——that is, roughls between
Carson Street on the north and the Pacific Coast Highway on
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Ficure 27.—Chloride content of waters from selected wells in the Dominguez Gap
between Carson and Willow Streets. (After analyses by Long Beach Water De-
partment. Numbers for wells shown in parentheses are those ascribed by city of
Long Beach.)

the south—figures 27 and 28 graph the increase in chloride con-
tent at 14 wells from 1932 through 1942. Of the wells, 11
tap the Gaspur water-bearing zone, 2 tap the unnamed upper
Pleistocene deposits close to the west margin of the Gaspur
zone, and 1 taps the Silverado water-bearing zone at depth be-
neath the Gaspur. Although somewhat erratic, presumably owing
in part to variable conditions of sampling, these graphic data
on chloride content seem to indicate in general that (1) as of
1932, the water of the Gaspur zone contained more than 500 ppm
of chloride over much of the S14 sec. 14 and the N1l4 sec. 23,
at least west of the Los Angeles River (the greatest known
chloride content in the area at that time, 3,639 ppm in well 14Q2,
is not covered by figure 27); (2) in comparison with the focal
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area in seec. 14, the influx of contaminant lagged somewhat to-
ward the north within the Gaspur zone and toward the west
and southwest across the Gaspur zone and into the abutting
Pleistocene deposits; and (3) southward, the contaminetion front
advanced about a quarter of a mile a year on the average, and
locally reached to the Pacific Coast Highway by 1939. Also, at
least at and near the front, contamination seems to have been
intense in the lower part of the Gaspur zone, as would be normal
if all the saline contaminant had been transmitted through the
zone from the focal area in sec. 14—normal because the density of
the contaminant is substantially greater than that of the native
fresh water.

However, exception to this last generalization is afforded by
well 4/13-26Q2, which is just behind the front, 1,000 ft north of
the highway, and 800 ft west of the Los Angeles River. This
well is only 64 ft deep, and so taps only the uppermost part of
the Gaspur zone. According to analyses by the city of Long
Beach, of samples taken from this well at intervals of about
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1,000 /262
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Figure 28.—Chloride content of waters from selected wells in the Dominguez Gap
between Willow Street and the Pacific Coast Highway, (Analyses by Long Beach
Water Department.)
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five weeks since December 1932, the chloride content of its water
ordinarily had been less than 500 ppm through Oc*ober 1943,
averaged about 660 parts in November and December 1943, in-
creased sharply to 4,900 parts in January 1944, and subsequently
has ranged ordinarily between 1,500 and 4,600 parts. Currently
(1945) it yields the most intensely contaminated water known to
be from the Gaspur zone within the area here considered. The
well is equipped with a pump and windmill; if the analyses are
on pumped samples, as seems probable, the data svggest very
strongly that contaminating salines first reached the Gaspur
zone in the vicinity of well 26Q2 by percolation from above rather
than by transmission within the zone from the north.

General hydrologic evidence indicates that the source of con-
tamination is not the ocean, and so must be within the im-
mediate area. All the local area here considered is inland beyond
the reach of the tides into the channel of the Los Angeles River
or into any other passages, natural or artificial. The transverse
belt of nondepreciated waters to the south, to which reference
has been made, calls for an inland source. Finally, the general
extent and focal point of the contamination coincide approximately
with the corresponding features of contamination in the un-
confined water body above,

Chemical evidence of the sources of contamination is graphed
on plate 19, which compares representative deprecicted waters
from this central reach of the Gaspur zone with hypothetical mix-
tures of the native fresh water and brine from the Signal Hill
oil field, as represented by the effluent from the skimming sumps
of Oil Operators, Inc. (See table 29, analysis 4/13-14R.) Re-
garding such hypothetical mixtures, the actual depreciated waters
fall into three general groups, as follows:

1. Depreciated waters in which there is a substanticl deficiency
of sodium, a corresponding excess of calcium and magnesium, and
no more than a moderate excess of sulfate or of bicarbonate.
These are represented in the right half of plate 19 by plottings
of three waters from well 4/13-141.1 in 1932-33; the greatly de-
preciated water from well 4/13-14Q2, in 1931 (table 30) is of
the same sort. So far as is disclosed by available data, such
waters have been encountered only in wells at or near the focal
area of contamination just west from the sumps of Oil Operators,
Inc. Concerning ocean water.and oil-field brine as alternative
potential contaminants, table 24 shows that the depreciated water
of well 14Q2 would involve very substantial hardering by ex-
change of bases, a considerable reduction of sulfate in the case
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of ocean water, and precipitation of calcium (and magnesium?)
as the carbonate (and sulfate?). The necessary precipitation of
calecium compounds is much the less in the case of oil-field brine.
This chemical evidence favors oil-field brine as the likel~ contami-
nant, but of itself does not preclude ocean water.

2. Depreciated waters in which there is not only a substantial
deficiency of sodium but also an even greater excess of calcium
and magnesium and considerable excesses in sulfate and in bi-
carbonate. The waters from wells 4/18-14M3 and -26B1 in
1942; and from well 4/18-14M8 in 1939 (pl. 19) show rrogressive
stages of the depreciation. Waters of this general sort have been
encountered widely and commonly to the west and to the south
of the focal area in sec. 14, nearly to the far reach of the strongly
contaminated area. Table 25 shows that the chemical composi-
tion of the waters in this group could be duplicated rather closely
by unmodified mixture of the native fresh water with the con-
taminated water of well 4/13-14P1, that is, with the high-calcium-
content type of depreciated water in the unconfined bndy which
overlies the Gaspur zone,

3. Depreciated waters in which there is an excess rother than
a deficiency of sodium, along with considerable excesves of cal-
cium, sulfate, and bicarbonate. The water from well 4/13-14D2

TABLE 24.—Contaminated water from well 4/13-14Q2 in comrarison with
hypothetical mixtures of the mative fresh water and two potential con-
taminants

Constituents
: Mag- : Bicar- .
Calcium - Sodium Sulfate | Chloride
Co) | PE | (Ney | PrEER, | (500 (CD

Parts per million:

Standard native water of Gaspur
water-bearing zone............ 58 9.7 50 218 64 35
Well 4/13-14Q2, contaminated
waterof October 5,1931(table

30, adjusted) ... __..______ 756 221 1,088 57 36 3,597
Native water mixed with ocean

water . 123 247 2,070 218 550 3,597
Native water mixed with brine

4/13-14R s ___ 176 74 2,166 392 55 3,597

Equivalents per million:

4/13-14Q2, October 5, 1931._ 37.711 18.14 47.28 .94 74 101.45
Mixture with ocean water_. 6.13 20.34 90.00 3.57 11.45 101.45
Mixture with brine 14R_._. 8.80 6.06 9417 6.43 1.15 101.45
Excess (1) or deficlency (—) of
the contaminated water with
respect to:
Mixture with ocean water.. +31.58 —2.20 —42.72 —2.63 —10.71 |aceao
Maixture with brine 14R____ +28.91 +12.08 —46.89 —5.49 —41 .

1 Includes equivalent of potassium (K).
2 Includes equivalent of carbonate (COs).
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TABLE 25.—Contaminated water from well 4/13-14M8 in comparison with
a hypothetical mixture of the fresh water mative to the Gaspur water-
bearing zome and the contaminated water of well 4/13—-14P1

Constituents

. Mag- 5 Bicar- L
Calecium Sodium Sulfate | Chloride
(Co) | meSEm | TeNwyi | pomate, | sC) | b

Parts per million:
Well 4/13-14M8, contaminated
water of August 7, 1939 (table
30, adjusted) ... 222 56 162 413 228 398
Mixture of 84.5 percent native
fresh water and 16.5 percent
contaminated water of well

4/13-14P1 as of April 22, 1942._ 205 50 177 354 240 398
Equivalents per million:

4/13-14M8, August 7, 1939 .____ 11.08 4.62 7.03 6.77 4.76 11.21

Mixture. .. 10.24 4.10 7.67 5.81 4.99 11.21

Excess (+) or deficiency (—) of
the contaminated water with
respect to the mixture______.__ +.84 +.52 —.65 +.96 —24 (...

1 Includes equivalent of potassium (K).
2 Includes equivalent of carbonate (COa).

in 1943 has the greatest known excess of sodium. The waters from
well 2313 in 1932 show progressive depreciation with propor-
tionately less excess of sodium. Thus, waters of this type have
been encountered rather widely in the contaminated area, seem-
ingly near the outer fringe of that area. Table 26 shows that
in chemical character the extreme water of this tyre (14D2)
could be duplicated essentially by an unmodified mixtwre of the
native fresh water of the Gaspur with the two known types of
the unconfined depreciated water, the high-caleium-content water
of well 14P1 and the high-sodium-content water of well 10F1.
Determinations of borate are available for contaminated waters
from six wells in the depreciated area here considered; these
range from 1.6 to 9.2 ppm. In proportion to the corresponding
determinations of chloride, these amounts of borate are from
two to five times that which would be expected had the contami-
nant been ocean water, but they are well within the range of
borate gain that would result from contamination by oil-field
brine, In this connection, the borate content of ocean water is
25 ppm but that of the oil-field brines is as much as 386 parts
(table 8). In and near this area, the borate contents of oil-field
waste in the Los Angeles River and of diluted waste in the
Dominguez Channel are known to have been as much as 23 and
169 ppm, respectively. (See table 29.) In proportion to chloride
content, these amounts of borate are roughly 10 times that in



CONTAMINATION OF NATIVE FRESH WATFR 189

ocean water and so are ample to have caused the known borate
gain in the contaminated waters of the area.

From this and other hydrologic and chemical evidence, it is
concluded that:

1. In the reach between Carson Street and the Pacific Coast
Highway the Gaspur water-bearing zone has been and in 1945
is being contaminated partly by oil-field brine such as that wasted
from the sumps of Qil Operators, Inc., partly by overlying uncon-
fined waters which themselves had been depreciated ir chemical
quality as previously described, and partly by miscellaneous in-
dustrial wastes that have been and, to some extent, still (1945)
are being discharged into the channel of the Los Ang=:les River
upstream from the outfall of Oil Operators, Inc.

2. Contaminants have reached and still are reaching the Gaspur
zone by percolation downward through the overlying and slightly
permeable deposits, that is, directly from the unconfined water
body above but indirectly from the Los Angeles River, from
the sumps of Oil Operators, Inc., and from other sources. Con-
taminants also have reached and probably still reach the Gaspur
by circulation through defectively cased wells and by percolation
westward from contiguous Pleistocene deposits in which waste
oil-field brines doubtless have accumulated in considerable vol-
ume. For example in well 4/183-18N1 (which taps the Pleisto-

TABLE 26.—Contaminated water from well 4/13-14D2 in comparison with
a hypothetical mixture of the fresh water native to the Gaspur water-
bearing zone and the contaminated waters of wells 4/13-10F1 and 14P1

Constituents

Mag-
Calcium bonate

N Bicar- :
Sodium Sulfate | Chloride
©a | "G | Ny | Begate, | sy | @)

Parts per million:

‘Well 4/13-14D2, contaminated
water of July 20, 1943 (table 30) 120 9.7 206 293 360 123
Mixture of 94.0 percent native
fresh water, 3.9 percent con-
taminated water of well
4/13-10F1 as of April 21, 1942,
and 2.1 percent contaminated
water of well 4/13-14P1 as of

April 22,1942 _____.__________. 85 27 202 270 351 123
Equivalents per million:

4/13-14D2, July 20, 1943_________ 5.99 .80 8.96 4.80 7.49 3.46

Mixture. . 4.22 2.21 8.77 4.42 7.32 3.46

Excess (+) or deficiency (—) of
the contaminated water with
respect to the mixture_________ +1.77 —1.41 +.19 +.38 EI0 v A I

1 Includes equivalent of potassium (K).
2 Ineludes equivalent of carbonate (COs).
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cene deposits about 200 yd east of the sumps of Oil Operators,
Inc.) a traverse by the Geological Survey on May 9, 1941, found
that the water more than 100 ft below land surface contained
about 3,000 ppm of chloride. In the middle twenties this well
had been used for domestic purposes, so that its vrater pre-
sumably was of at least fairly good quality at that time. The
high salinity of 1941 almost certainly is due to contamination
by waste brine from the Long Beach oil field.

3. Brine from the oil fields on the Signal Hill uplif* has been
and now (1945) is the prineipal contaminant by far; a focal
point of such contamination has existed at the sumps of Oil
Operators, Inc., since the early thirties, but dispersed contamina-
tion has been and doubtless is being derived from somewhat ex-
tensive accumulations of brine in sec. 24, to the south. Assum-
ing for the purpose that oil-field brine has been the sole con-
taminant, it is calculated that as of 1943 about 1,500 acre-ft of
that brine had infiltrated to the Gaspur water-bearing zone. This
volume is equal to 8 percent of that which had been discharged
from the sumps of Oil Operators, Inc., through 1943. The aver-
age rate of infiltration would have been about 90 acre-ft a year.

Thus, for the depreciated area between Carson Street and
the Pacific Coast Highway the principal contaminant is concluded
to be oil-field brine, whereas for the depreciated area near the
coast the principal or sole contaminant has been concluded to
be ocean water (p. 182). In these two areas only, one feature
of chemical character seems to discriminate rather sharply the
waters contaminated from the two sources. Specifically, and as
figure 29 shows, in the waters contaminated from the ocean the
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FIGURE 29.-—Rclation between calcium to magnesium ratio and chloride content of con-
taminated waters from the Gaspur water-bearing zone,
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calcium-to-magnesium ratio averages about 0.6, whereas in those
contaminated primarily by oil-field brine the corresponding ratio
averages about 2.3, at least for chloride contents less than 1,000
ppm. For the Dominguez Gap at least, a calcium-to-magnesium
ratio much greater than 0.6 would seem to indicate a contaminant
other than ocean water,

CONTAMINATION INLAND FROM CARSON STREET

Near the head and along the west edge of the Dominguez Gap,
moderate contamination of the Gaspur water-bearing zone was
disclosed through the sampling program by the city of Long
Beach, which began in 1932. At that time a small area of con-
tamination existed near the intersection of Alameda and Domin-
guez Streets, in the E14 sec. 10, T. 4 S., R. 13 W. (projected).
Subsequently that area has extended two tongues which have
merged into the main area of strongly contaminated waters south
of Carson Street. As of 1943-44, one tongue had reached south-
ward fully 114 miles along the west margin of the Gaspur zone;
the other and broader tongue had spread widely, roughly from
Del Amo Street on the north to Carson Street on the south.
(See pl. 17.) Also, beginning about 1936, a third tongue of
depreciated waters has developed beneath the lower reach of
Compton Creek, in the SW14 sec. 35, T. 3 S, R. 13 W. and in
sec. 2, T.4 S, R. 13 W.

Table 27 shows the increase in chloride content of samples
from the observation wells in sec. 10, from 1936 through 1944.
Its data suggest that chloride diminishes radially eastward away
from a focus which is near the west margin of the Gaspur zone,
and in the SW14NE1j of the section; and that the water in the
upper part of the Gaspur may be somewhat more concentrated
than that in the lowest part of the zone.

Only one comprehensive chemical analysis is available to show
the character of the contaminated water in the Gaspur zone in
this area. It is of a sample from well 4/13-10G3 ir 1942 (see
table 30). Table 28 compares that analysis to the composition
of a hypothetical mixture of native Gaspur water with the con-
taminated water of well 10F1 (which taps the overlying, uncon-
fined water body) and with typical oil-field brine of well 4/13-
14R. The proportions of the three components are such that the
concentration of the mixture is equal to that of contaminated
water 10G3, in terms of equivalents. Evidently, this Fypothetical
mixture and a moderate gain in calcium and magnesium at the
expense of sodium (base-exchange hardening) would very nearly
duplicate the actual contaminated water. Thus, it is reasonable
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to assume that in the local area here considered the depreciated
quality of the water in the Gaspur zone probably has been caused
principally by downward percolation of econtaminated water from
above, but in part by an influx of oil-field brine (which very
probably has accumulated in the Pleistocene deposits to the west;
see p. 71). More comprehensive analytical data would be neces-
sary to verify this assumption.

TABLE 27.—Chloride content of contaminated waters from wells tapping the
Gaspur water-bearing zone in sec. 10, T. 4 S., R. 18 W. (projected), in
1936 and 1944

[From analytical record by city of Long Beach on observation wells sampled ahout monthly]

Greatest known ch'oride content
Depth of
‘Well number on Depth of
perforated
plate 17 well (feet) casing (feet)
1936 1944
67 168
128 199
222 326
109 575
419 846
5 1626
®) “3497
126 174
176 6
229 435
Ll (i I
139
263

1In 1943.

2 Well drilled in 1941.

3 In 1942, by Geological Survey.
4+ In 1932.

Evidence of the contamination of the Gaspur zone beneath the
lower reach of Compton Creek is afforded by two wells only:
well 3/13-35N1, in whose water the chloride content first exceeded
100 ppm in 1936, and was as much as 276 parts in 1944 (after
analytical records by the city of Long Beach) and well 4/13-2J2,
in whose water the chloride content was from 110 to 130 ppm
in 1942-43 (table 31). No comprehensive analyses are available.

FUTURE DISPERSAL OF CONTAMINATED WATERS WITHIN THE GASI™R WATER-
BEARING ZONE

Further dispersal of contaminated waters within tke Gaspur
water-bearing zone will be determined largely by the areal pat-
tern of sources from which contaminants are derived, and by
long-term fluctuations of ground-water head and gradient in re-
sponse to the cycle of wet periods and droughts. Because con-
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TABLE 28.—Contaminated water from well 4/13-10G3 in comparison with
e hypothetical mixture of the fresh water native to the Gaspur water-
bearing zone, the contaminated water of well 4/13-10F1, and oil-field
brine 4/13-14R

Constituents

" Mag- Bicar- .
Calcium - Sodium Svlfate | Chloride
(Ca) | meSHm | “Nap | Bopse, | @00 | (OD

Parts per million:
‘Well 4/13-10G3, contaminated
water of A&lrll 13, 1942 (table
30, adjusted).___ ... __...._. 401 108 260 238 941 591
Mixture of 85.2 percent native
fresh water, 12.2 percent con-
taminated water of well
4/13-10F1 as of April 21, 1042,
and 2.6 percent oil-field brine
4/13-14R_ ... 9% 55 71 346 895 564

Equivalents per million:

4/13-10G3, April 13, 1942..______ 20.00
Mixture. ... 4.77

11.31
50 30.92

19.59 16.68
18.63 15.90

ot
o0
(=
oo
28

Excess (+) or deficiency (—) of
the contaminated water with
respect to the mixture__.._.__. +15.23 +4.36 —19.61 —1.76 +.96 +.78

1 Includes equivalent of potassium (K).
2 Includes equivalent of carbonate (COs).

tamination is severe and extensive, the withdrawal of water
from the Gaspur zone within the Dominguez Gap now is small
and, except locally, presumably will not be a determining factor
in the movement,

As has been explained piecemeal, the sources of contamination
include: A focal point of intense contamination at the brine
sumps of Oil Operators, Inec., along the east side of the Los
Angeles River in the vicinity of 223d Street (fig. 7). At least
three reaches along the margins of the Gaspur zone: across the
mouth of the gap at the coast, where the Gaspur zone is in some
hydraulic continuity with the ocean; along the east margin at
the flank of the Signal Hill uplift, where waste oil-field brines
doubtless have accumulated in the adjacent Pleistocene deposits,
perhaps chiefly in sec. 24, T. 4 S., R. 13 W.; and along the west
margin at and southward from the flank of the Dominguez Hill,
where oil-field brines probably have accumulated likew'se, perhaps
chiefly in sec. 10. And third, the overlying body of unconfined
water, grossly contaminated over nearly all the gap, whose con-
taminated waters range greatly in chemical character, and to
which contaminants have been and (in 1945) are conveyed chiefly
by the Los Angeles River, Compton Creek, and Domir<uez Chan-
nel. In these channels the contaminants—oil-field brine, oil-refin-
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ery effluent, and various industrial wastes—have varied consider-
ably in chemical character and in concentration.

Within the several areas which on plate 17 are enclosed by
the lines representing a chloride content of 500 ppm—at the coast,
and separately between Del Amo Street and the Pacific Coast
Highway—strongly contaminated waters doubtless crcupy the
Gaspur zone from top to bottom. Beyond the margirs of those
areas, quite probably the contaminants are not dispersed uni-
formly through the zone and in part may form ramifyirg tongues.

In general, the reach of contaminants into the Gespur zone
inevitably will increase and ultimately will engulf the area in
which waters of essentially native quality now (1945) exist be-
tween the Pacific Coast Highway and Anaheim Strest, east of
Santa Fe Avenue. Because the hydraulic gradient is generally
southward, the most mobile front of contamination is that which
currently is just north of the highway, and which is inferred to
be moving continually toward the coast. (See p. 183.) In con-
trast, the north-facing fronts roughly along Anaheim Street
and at 223d Street some 3 miles farther inland are much less
mobile except as they may be drawn northward under the draft
from adjacent wells. During a protracted drought, the normal
seaward hydraulic gradient in the Gaspur zone would decrease
through the Dominguez Gap, owing both to diminishing natural
underflow and to increasing withdrawals inland. Such condi-
tions presumably would slow or even stop the southward move-
ment of the front at the Pacific Coast Highway and might induce
or accelerate northward movement of the two fronts at Anaheim
Street near the coast and near 223d Street farther inland. Also,
they would tend to accelerate the inflow of oil-field brines from
the accumulations along either flank of the Gaspur zone, in the
contiguous Pleistocene deposits. Conversely, during a prolonged
wet period the south-moving front at the highway would be ac-
celerated, the two north-facing fronts would be slowed or might
even regress toward the coast, and the inflow of kvine from
Pleistocene deposits would diminish.

In the future, if all saline and concentrated wastes of the area
were piped to the ocean, and so long as the hydraulic gradient
might be oceanward and relatively steep, both the intensity and
the extent of contamination in the Gaspur zone of the Dominguez
Gap probably would diminish gradually. Such improverent would
be quickened by any artificial measures maintaining a substan-
tial flow of fresh water in the Los Angeles River perennially.
However, even under the most favorable circumstances it is ex-
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tremely unlikely that the present contaminated waters could be
displaced completely from the Gaspur zone. Also, the accumula-
tions of oil-field brine along either flank of the zone ’r con-
tiguous Pleistocene deposits will remain potential sour-es of con-
tamination almost, if not quite, indefinitely.

POTENTIAL CONTAMINATION OF THE SILVERADO WATER-BEARING ZONE WITHIN
DOMINGUEZ GAP

Within the Dominguez Gap the depreciation of water quality
in the Gaspur water-bearing zone now (1945) is so intense and
widespread as to have made that zone virtually worthlees as a
source of water, except in the small area between the Pacific
Coast Highway and Anaheim Street, east of Santa Fe Avenue.
This destruction of a formerly prolific source of fresh water at
relatively shallow depth is serious, but far less serious than the
current threat that grossly depreciated water of the Gaspur zone
can reach and contaminate the deeper Silverado water-bearing
zone (pp. 169-170). This deeper water-bearing zone is by far
the most productive source of water now tapped by wells in the
Long Beach-Santa Ana area. It sustains very heavy and con-
tinual withdrawal, chiefly for municipal supply and for industrial
purposes, from many wells of large yield. Within the Dominguez
Gap and south of Del Amo Street, that is, within the area of
gross contamination in the overlying Gaspur water-bearing zone,
the yearly withdrawal for these purposes is estimated to have
been 19,000 acre-ft as of 1941 and, owing to the greatl increased
demand of the war period, 28,000 acre-ft as of 1944 (IPoland and
others). -

Silt, clay, and some fine sand, from 250 to 500 ft thick, and
impermeable under hydraulic gradients of ordinary slope, in-
tervene between the Silverado zone and the overlying bodies of
grossly contaminated water in the Dominguez Gap. However,
owing to the heavy-and increasing withdrawals, the head on the
Silverado zone has been drawn down until, as of 194445, it is
extensively from 40 to nearly 60 ft below that of the Gaspur zone.
So, every deep nonpumped well potentially is a conduit through
which contaminated water can move downward from the Gaspur
zone into the Silverado zone, currently under an average head of
50 ft, provided its casing is perforated opposite the Silverado
and is not watertight above. Several such wells are known to
exist within the Dominguez Gap.

So far as the writers know, the Silverado water-bearing zone
has not been contaminated from the overlying Gaspur zone
through inadequately cased wells. However. the vossihilitv of
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such contamination exists, currently (1945) is increasing, and will
continue to increase so long as the pressure head of water in the
Silverado zone is progressively depleted. For assurance against
sucn contamination in the future it is essential for all active wells
tapping the Silverado zone to be maintained rigorously, with
completely watertight casings from land surface to the top of
that zone and for each well permanently abandoned to be se-
curely plugged. For adequacy in plugging, it is recorimended
that the well be filled tightly with mud or other impsrmeable
material from its bottom to some level opposite compact silt or
clay at least 50 ft above the top of the Silverado zone, that a plug
of cement at least 10 ft long then be placed in the caring, and
that the remainder of the well then be filled. If the character of
the materials above the Silverado zone is not known, probably it
would be advisable first to fill the lower part of the well to the
desired level, then to perforate the casing at that level and cement
under pressure. As new wells are drilled to the Silver~do zone
(or to the underlying upper division of the Pico formaticn, which
is believed to constitute an untapped source of essentially fresh
water (Poland, Piper, and others), it is suggested that an outer
casing be carried down through the Gaspur zone into the under-
lying impermeable Pleistocene deposits and there be tightly sealed
by circulating drilling mud under pressure, or by driving: the cas-
ing shoe into tough clay.

As for potential contamination from sources other than the
overlying Gaspur zone, it will be recalled that in and near the
southwestern part of the Dominguez Gap, along the flank of the
Palos Verdes Hills and the margin of the Torrance Flain, the
Silverado water-bearing zone locally contains native water of
decidedly inferior quality, as in well 5/183-6D1, and presumed
native waters of somewhat inferior quality, as in wells 4/13-31E3,
-33E2, and -33E8 (pp. 57-58; also table 30). In there native
waters the chloride content ranges from 70 to 500 ppm. Under
continuing heavy withdrawal from the Silverado in this part
of the area, the poor water of well 5/13-6D1 may k- drawn
northward and eastward to wells that now yield water of ex-
cellent quality.

In this area, incipiently contaminated waters have been drawn
from a few wells that tap the Silverado zone: well 4/13-20L1,
chloride 126 ppm in 1931; well 4/18-21R1, chloride 88 parts in
1938; and well 4/13-31E2, chloride 276 parts in 1938. (See analy-
ses in table 30.) Presumably, these wells are self-contaminating
because they are inadequately cased through native vraters of
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inferior quality in the upper Pleistocene deposits which there
overlie the Silverado zone. For control of such contamination,
the obvious course is stricter maintenance of active wells and
plugging of all abandoned wells.

As explained, in 1944-45 the head on the Silverado water-
bearing zone had been drawn down to about 50 ft below sea level
in the vicinity of Dominguez Street, which is 5 miles inland and
within 2 miles of the head of the Dominguez Gap. Thus, a sub-
stantial hydraulic gradient exists and favors movement of ocean
water inland through the Silverado zone, if there is hydraulic
continuity. Even so, no contamination whatsoever is known to
have occurred in that zZone within the area of heavy draft, which
extends inland from Anaheim Street and largely lies east of
Wilmington Avenue (see pl. 17). South of Anaheim Street, with-
in a mile of the coast, the water of the Silverado zone becomes
progressively more saline eastward and southward on the flank
of the Wilmington anticline. This is shown by the electric logs
of many oil wells and by the record of well 5/18-3K1 which was
drilled in 1913 at the plant of the Southern Califormia Edison
Company at the east end of Terminal Island, and which is re-
ported to have encountered salty water. Data by ITendenhall
in 1903—4 suggest that the higher salinity of the water here is
at least in part a natural characteristic, and not due primarily
to contamination during the period of water use. Thus, con-
tamination of the Silverado zone because of in-draft of ocean
water is not known to have occurred. Should such contamina-
tion ensue, quite probably the conditions of the Santa Ana Gap
would be repeated; that is, the first stage of contaminztion would
be caused by local connate waters displaced inland ahead of ocean
water. (See pp. 122-124.)

CONTAMINATED WATERS BEYOND DOMINGUEZ GAP

Within the area of this report and west of the Dominguez
Gap, available chemical evidence shows definite saline contami-
nation of natively fresh ground waters at only a few additional
wells on the edge of the Torrance Plain, just west of the Domin-
guez Hill. Here, well 8/13-31A1 penetrates the upper Pleisto-
cene deposits to a depth of 200 ft; the chloride content of its
water has increased from an average of 200 ppm in 1941 to 270
parts in November 1942 (table 31). For the area tc the south
and east along the flank of the Dominguez Hill, the few analytical
data available do not indicate appreciable depreciation of quality
since 1931 in the water from wells that tap the upper Pleistocene.
However, it seems altogether likely that saline contamination here
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is more widespread than the available data show conclusively.
In sec. 10, T. 4 S,, R. 13 E. contamination likely extends farther
west than is 1nd1cated on plate 17, and may extend beneath part
of Dominguez Hill. (See pp. 191-193.)

East of the Dominguez Gap, contamination is known only for:
well 4/12-30B1 on the southwest flank of the Signal Hill uplift,
along the south side of Willow Street and about 100 rd north of
the Cherry Hill fault. That well is 254 ft deep and tar< sand and
gravel of the Silverado zone in an area whose native water con-
tained about 300 ppm of all dissolved solids in 1904. (See pl.
2.) A sample from it analyzed by the.Geological Survey in
1942 contained 261 parts of chloride and about 700 parts of’
total dissolved solids. A considerable volume of oil-field brine
presumably has infiltrated below the land in the vicinity of that
well (pp. 75-76) and in part has been trapped b-atween the
Cherry Hill fault on the southwest or coastal side of Signal Hill
and the Northeast Flank and Reservoir Hill faults on the north-
east or inland side. Any such body of brine poses the threat of
extensive future contamination in the Silverado water-bearing
zone to the north, which there has been pumped heavily at the
Alamitos and Citizens well fields of the city of Long Beach.
However, no trace of contamination has reached tho-ve” wells as
of 194445,

RESIDUAL PROBLEMS AND CONTINUING
INVESTIGATION

This discussion of saline contamination in the Long Beach-
Santa Ana area has outlined the conditions existing as of 1944-45,
as fully as available data permit. Only tentative conclusions are
justified about certain critical conditions. This is true in par-
ticular of future movement of oil-field brines which are inferred
to have accumulated beneath the land surface in certain parts
of the area, and to the mobility of the contamination fronts in
the Gaspur water-bearing zone of the Dominguez Gap and the
Talbert water-bearing zone of the Santa Ana Gap. The term
of field investigation by the Geological Survey has been too short
to afford dependable estimates of the current rates of salt-water
movement, and such rates undoubtedly will accelerate during pro-
tracted droughts if withdrawals are maintained in their current
amounts or, as is very likely, are increased. To forew~rn of con-
ditions before they become foo serious for correction or allevia-
tion, investigative studies must be continuously made. An out-
line of these follows.
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DOMINGUEZ GAP

Presumably an increasing number of wells tapping the Gaspur
water-bearing zone will be abandoned and pumps will be re-
moved. It would be advisable to keep such wells open for sampling
at least twice a year (or more frequently as is pertinert) to trace
changes in the extent and intensity of the saline contamination;
for most of the wells so sampled, determination of chloride should
be adequate. However, samples bailed from or just below the
static water level will not suffice, because commonly the saline
water is most concentrated at the bottom of the water-bearing
zone. Accordingly, samples should be taken at successive depths
through the full span of perforations in the casing, or conduc-
tivity measurements should be made from top to bot‘om of the
well. (See fig. 15.) Also, it would be advisable to obtain periodic
comprehensive analyses for saline waters from selected wells near
the several foci of contamination, and these analyses should in-
clude determination of borate and iodide in addition to the usual
constituents.

Wells tapping the Silverado water-bearing zone also should be
sampled periodically (with a uniform lapse of time cfter start-
ing the pump), especially where pumping is heavy and where
the Silverado zone is overlain by the contaminated reach of
the Gaspur zone, as at the well field of the Dominguez Water
Corporation. One or two outpost wells near Anahcim Street
would give early indication of ocean water moving northward in
the zone.

SIGNAL HILL UPLIFT

For many years the city of Long Beach has withdrawn large
quantities of water from its Development, Citizens, and Alamitos
well fields, which are respectively 1.2 miles, 0.8 mile, and 0.7
mile inland from the fault system of the Newport-Inglewood struc-
tural zone. Within that fault system a body or bodies of oil-
field brine presumably have accumulated in beds which in whole
or in part prolong the water-bearing zones of the well fields.
Across the entire fault system, salt water is native along the
coast. In recent years and continuously for several mwronths at a
time, pumping levels have been as much as 50 ft below sea level
in the Development field, 60 ft below in the Citizens field, and
85 ft below in the Alamitos field. Under pumping levels so low,
the ground-water head may be drawn down a considerable dis-
tance below sea level along the inland flank of the fault sys-
tem, and native salt water or accumulated oil-field brine may have
moved and may be moving continually inland. Ho-vever, be-
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tween the three well fields and the fault, only one existing well
can show whether saline encroachment is likely to occur (water-
level altitude) or already has occurred (water quality).

If withdrawal of water from these three well fields is to con-
tinue at the current rate or at a greater rate, it would seem
advisable to sink one or two outpost wells to the bottom of the
Silverado zone between each well field and the fault system, and
to continue periodic observation of water level and water quality.
Such wells could be sampled by the use of a portable pump or by
transversing the full span of the Silverado zone with a cylinder-
and-valve sampler or an electrical probe. If only one such out-
post well were drilled near each field, that well would be located
advantageously about one-third the distance from the master
faults toward the particular field.

By periodically measuring water level and sampling such out-
post wells, the city of Long Beach could be forewarred of any
incursion of saline water across the barrier features of the Signal
Hill uplift and could modify its withdrawal regimen accordingly.
It is possible that even now (1945) saline waters may have en-
croached beyond these barrier features and may be moving to-
ward the well fields of most intensive draft. In any event, such
wells would reveal present conditions and would furnish observa-
tion points for control of future programs of withdr~wals.

ALAMITOS GAP

Saline encroachment already has passed at least several hun-
dred feet beyond the Seal Beach fault and has appeared in active
well 5/12-11G1 (see pp. 158-161). Fortunately, as is indicated
by the logs of wells proximate to but inland from the fault, at
least in part of the gap the permeable deposits of Pleistocene age
probably extend only about 200 ft below land surface. Yet, elec-
tric logs from oil wells show that highly permeable deposits
containing fresh water are present to depths as great as 600 ft,
at least in the southeastern part of the gap. Also, in the north-
western part of the gap and less than a mile inland from the
master fault, permeable beds of sand and gravel of Pleistocene
age extend to a depth of about 600 ft (5/12-2B).

Although withdrawals are not heavy in the Alamitcs Gap, the
summer water level declines as much as 10 ft below sea level
during droughts such as that which culminated in 1936. There-
fore, and especially because saline encroachment already has ap-
peared on the inland side of the Seal Beach fault, it would be
advantageous to sample all active wells and selected urused wells
for periodic chemical analysis. Certain wells, such as 5/12-11G1,
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have been so sampled for many years and only sc could the
history of encroachment have been known. Only by an expanded
sampling control can the extent of saline, encroachment be ap-
praised adequately in the future. As in the Dominguez Gap, in-
active wells should be sampled by electrical or by mechanical
means through the full span of water-bearing zones tapped. Also,
results of such sampling should be reviewed periodically so that,
within the extent of any saline encroachment, all wells which tap
more than one water-bearing.zone can be adequatelv cased or
plugged to prevent movement of saline water vertically from zone
to zone.
LANDING HILL TO BOLSA CHICA MESA

In the reach from Landing Hill through Sunset Gap, and for
as much as 2 miles inland from the master faults of the Newport-
Inglewood zone, draft from wells has been substantially reduced
in the past two years owing to construction of the Neval Supply
Depot within this area. Thus, well 5/12-12P1 on Landing Hill,
which was becoming increasingly contaminated in the early
forties (see pp. 155-158) and which was pumped considerably
during that period, now is unused. However, a few hundred feet
to the north the wells of the city of Seal Beach yield about 300
acre-ft of water a year. Because it is likely that the saline water
which has crossed the Seal Beach fault near well 5/12-12P1
ultimately will reach them, these public-supply wells of the city
of Seal Beach should be sampled periodically.

Southeast from Landing Hill to Bolsa Chica Mesa, little or no
water now is withdrawn within half a mile of the master fault.
On Bolsa Chica Mesa, the heaviest withdrawal is from public-
supply wells 5/11-29C1 and -29C2, about 50 acre-ft a year. Be-
cause these wells are only about 600 ft from the master fault
and because water nearly as saline as the ocean exists immediately
on the coastal side of this fault, their effluent should be analyzed
periodically.

These particular well groups are those most heavily pumped
close to the master fault and within the reach of coast here
described ; thus, they are the most likely to draw water through
the fault barrier. All other active wells, however, in this same
reach and within a mile of the fault also should be sampled at
more or less frequent intervals, depending on pumpine rates oc-
curring within this reach.

BOLSA GAP

Within the strip of land extending inland half a mile from
the master fault and across the Bolsa Gap only water well
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5/11-33H1 is active. It produces from a water-bescring zone
between 302 and 363 ft below land surface in the San Pedro
formation. When driljed in 1940, it encountered saline water in
the “80-foot gravel” and in an underlying zone; accordingly,
both zones were cased off. In order to obtain information on the
extent and intensity of saline encroachment inland from the
master fault in Bolsa Gap, it would seem advantageous to drill
from two to four observation wells into the “80-foot gravel” in
the strip of land immediately inland from the master fault and
now barren of water wells. These observation wells could be
measured and sampled periodically as suggested for tlose inland
from the Signal Hill uplift. Such sampling would be especially
significant in periods when water levels are drawn down several
feet below sea level.
HUNTINGTON BEACH MESA

It has been explained on pages 129-153 that on the Huntington
Beach Mesa the upper two of three water-bearing zones now are
contaminated, that the salines now in those upper zones in-
evitably will become dispersed ever more widely, that the third
and deepest zone contains a relatively large reserve source of
water now (1945) only incipiently contaminated, an¢ that con-
tamination of this third zone can come about only as salines
move downward through deep wells not tightly cased through
the upper two zones. Under such circumstances effective control
of contamination is possible only if all wells are maintained
adequately. (See page 154.) Prudence suggests that all avail-
able wells within and at least half a mile beyond the con-
taminated area should be sampled periodically and indefinitely,
and any points of surface disposal of brines and waste fluids
should be sampled sufficiently often to ascertain trends in disposal
methods in the future. With these and past data as a basis for
study, effective control measures can keep pace with the dis-
persal of contaminated ground water whether under conditions
of continued or curtailed surface disposal of brines and oil-field
wastes.

SANTA ANA GAP

The current front of contamination in Santa Ana Gep has been
indicated on plate 11B. This front has advanced sligl tly during
the time of this investigation, a period of greater-tl-an-normal
rainfall. In the course of a few years of subnormal rainfall, a
substantial additional encroachment will develop if efl2ctive con-
trol measures are not practiced. As one part of such control, all
available wells within about half a mile of that front should be
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sampled at least twice a year and preferably quarterly to trace
any changes that develop. As for wells in Dominguez Gap, deter-
mination of chloride should be adequate testing for most wells,
but it would be advisable to obtain periodic comprehensive
analyses for a selected few wells, preferably wells which are
heavily pumped. Also, from time to time, unused wells should
be sampled at successive depths through the full span of perfora-
tions, or a conductivity probe should be run from top to bottom
of such wells.

The authors have suggested to the Orange County Flood Con-
trol District the sampling of a net of some 24 wells in order to
furnish control data on movement of the saline front and change
in concentration in the contaminated area.

HUNTINGTON PARK AREA

Although Huntington Park is not in the area examined compre-
hensively in this report, a most critical situation in its vicinity
seems worthy of special mention. There, in the far northwestern
part of the Long Beach-Santa Ana area, the westerly arm of the
Gaspur water-bearing zone (and possibly the shallovrer deposits
of Pleistocene age) has become substantially contaminated dur-
ing the past 15 yr. In certain wells, the hardness has more than
doubled and is 500 to 600 ppm. As is shown in the report on
hydrologic features of the Long Beach-Santa Ana area (Poland
and others), this upper zone, of Recent age, locally is underlain
by two highly productive and widely utilized water-bearing zones
of Pleistocene age—a major zone in the upper part of the San
Pedro formation, roughly from 500 to 1,000 ft below land sur-
face and here referred to as the middle zone, and a major zone
in the lower part of the San Pedro formation, about 1,230 to
1,300 ft below land surface, and here referred to ¢~ the lower
zohe.

Because the water level in the upper zone, the westerly arm
of the Gaspur water-bearing zone, now is from 10 to 40 ft above
the level in the middle zone and about 50 ft above the level in
the lower zone, any well perforated jointly in the upper and either
in the middle or lower zones will act as a recharging well ana
will conduct contaminated water from shallow depth into tho
zones beneath containing water of good quality. Hence, agencies
concerned with protecting the two zones of Pleistocere age should
trace the areal extent of the deteriorated water in the upper zone
and repair any wells feeding such water into the two underlyinz
major zones that now (1945) supply nearly all water for the
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domestic and industrial needs of the Huntington Park area. Then
the source of the deterioration should be determined, and elimin-
ated if feasible. Finally, the rate of coastward movement of the
deteriorated water should be watched. Because it is moving
southward through the westerly arm of the Gaspur zone and
eventually will reach the junction with the main Gaspur zone
near Compton, the deeper wells in its downstream path, should
be reconstructed as necessary to prevent contamination of the
Pleistocene water-bearing deposits beneath. Under the gradient
‘now prevailing, the rate of coastward advance is estimated to be
from 400 to 800 ft a year.
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